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SUMMARY

This is the second volume of a two-volume report on 
the prediction

of thermal transients in compact heat exchangers. The first volume contains

a presentation of the analytical procedures derived for performing the tran-

sient analysis. This second volume provides a complete description of the

computer program (Program KRONOS) developed on 
the basis of these procedures.

The discussion of the computer program is presented in two parts.

The first part provides the information necessary for the effective use

of the program. This includes detailed instructions for preparing the neces-

sary input data as well as a description of the various types of output.

The manner in which the program is used is illustrated by a discussion 
of

three sample cases.

The second part of the discussion consists of a description of

the structure of the program and its component subroutines. This de-

scription is sufficiently detailed to allow an experienced programmer to

understand completely the logic structure and operation of the program,

and to make changes to the program should it become necessary at some

future date. The information is given in the form of appendices and con-

sists of a complete Fortran nomenclature and a detailed presentation 
of

the step-by-step calculation procedure for each of the components (sub-

routines) of the program. The step-by-step procedure for each component

includes a presentation of the pertinent equations used along 
with an ac-

companying logic-flow diagram and Fortran listing.
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INTRODUCTION

Program Function and Capabilities

Program KRONOS is a digital-computer program written 
in the

Fortran-V language for use on the Univac 1108 computing system. The

program has been developed for the purpose of facilitating the calcula-

tions involved in the transient analysis of compact heat exchangers 
of

the plate-fin variety. For a specified heat-exchanger geometry and pair

of fluids, the program can be used to calculate the variations of pressure

drop and outlet conditions with time for given iritial conditions (cor-

responding to either a start-up or steady-state 
situation) and prescribed

time variations in inlet temperature (and absolute humidity or vapor

quality for a condensing fluid) and flow rate of 
both streams.

The analytical procedures on which the program is based are

those presented in Volume I of this report. Briefly, these involve ex-

pressing the time derivatives in the set of governing differential equa-

tions in terms of finite differences. The number of equations in the

original set is then algebraically reduced to two, one for each fluid.

These two equations are solved simultaneously by an iterative procedure

to obtain the temperature distributions at each new time, 0 , over the

desired time interval. The iterative procedure involves numerically in-

tegrating the equation for each of the two fluids with respect to dis-

tance along its flow length.

The program is capable of computing the transient thermal

performance of compact heat exchangers in which one of the fluids is

single phase and the other is either single phase or condensing; this

latter category includes both single-component fluids or two-component

fluids in which the less volatile component condenses (wet gas). The

configurations which can be treated are parallel-flow, counterflow, and

multipass-crossflow arrangements of plate-fin heat-transfer surfaces

(matrices). The crossflow configurations are limited to those in which

the fluid turned between passes is single phase. It is felt that the

program as developed is sufficiently general to be applied to the wide

variety of compact configurations and fluids commonly encountered in

the aerospace industry.



Report Arrangement

The main body of the report begins with a section in which the

input data necessary for the solution of any case are described in detail;

this includes instructions for preparing and supplying this data to the

program. The next section contains a discussion of the various types of

output data which can be obtained from the program along with guidelines

for their interpretation. The last three sections contain miscellaneous

information regarding the operation of the program with the computing

system, a discussion of three sample cases (single-phase counterflow,

wet-gas crossflow, and two-phase crossflow) illustrating 
the use of the

program, and a number of conclusions and recommendations 
related to the

program.

The first appendix consists of a general discussion of the

over-all logic structure of the program. The next appendix gives the

Fortran nomenclature for the major variables used in the program. The

remaining appendices provide detailed descriptions of the various com-

ponents (main routine and subroutines) which make up the over-all pro-

gram, one appendix for each component. The appendix for each component

contains a presentation of the input and output variables, an internal

Fortran nomenclature, a description of the step-by-step calculation pro-

cedure, a flow diagram representing the logic structure, and the associated

Fortran listing.



INPUT DATA

General Description

The input data used by Program KRONOS falls into two main categories:

input data directly specified by the user, and input data obtained from a

magnetic tape called the matrix-data tape. Since the matrix-data tape is

detailed in References I through 4, only a general discussion of its use

is presented here. Rather, this section focuses attention upon input data

in the first category.

The physical input data directly specified by the user can itself

be divided into three categories: general data for the heat exchanger as a

unit, fluid or associated matrix data, and time-related data. The general

input data consists of:

1. Flow arrangement.

2. Number of passes for a multipass-crossflow arrangement.

S 3. Core dimensions.

)." 4. Parting-plate thickness, density, and heat capacity.

5. Side-wall thicknesses, density, and heat capacity.

-.. The data specified for each fluid or its associated matrix con-

' sists of:

1. Inlet pressure.

2. Heat-transfer matrix.

* i'- 3. Hydraulic radius of the matrix.

' 4. Splitter-plate thickness, thermal conductivity, density, and

heat capacity for the matrix.

5. Fluid type, i.e., single-phase gas or liquid, and for fluid

r, two-phase fluid (that is, single-compolent condensing

fluid) or wet gas.

6. Compressibility factor and gas constant for a vapor or gas.

7. Molecular weight for the gas and vapor components of a wet gas.

8. Saturation temperature and latent heat of vaporization at the

pressure level (inlet pressure) for a two-phase fluid.

9. Critical pressure, atmospheric pressure, and acceleration of

gravity for a two-phase fluid.



10. Pressure and latent heat of vaporization as a function 
of

saturation temperature for the vapor component of a wet gas.

11. Specific heat, viscosity, thermal conductivity, 
and, for a

liquid, density as a function of temperature for a single-

phase gas or liquid, both vapor and liquid phases of a two-

phase fluid, or both gas and vapor components of a wet gas.

.The time-related data consists of:

I. Initial condition, i.e., start-up or steady-state.

2. Heat exchanger metal temperature for the start-up initial

condition.

3. Number of time periods into which the transient investiga-

tion is divided.

4. Length and nominal number of time increments for each time

period of the transient investigation.

5. Mass flow rate as a function of time, either in analytical

or tabular form, for both fluids.

6. Inlet temperature as a function of time, either in analyti-

cal or tabular form, for both fluids except possibly fluid r

when it is always two-phase at inlet.

7. Absolute humidity at inlet as a function of time, either in

analytical or tabular form, for fluid r when it is a wet gas.

8. Vapor quality at inlet as a function of time, either in

analytical or tabular form; for fluid r when it is a two-

phase fluid except possibly when it is always single-phase

at inlet.

Finally, in addition to the physical input data, the user must specify

various other data which are necessary to obtain a solution.

The matrix-data tape is the one generated by Program OPTIMA, a

computer program previously supplied to NASA by NREC and described in

References I through 4. This tape contains the geometric data and flow

and heat-transfer performance data for the various plate-fin heat-transfer

surfaces available for use as the passages in the exchanger. For each sur-

face (or matrix), the data on the tape are in three groups. The first

group consists of an index number (NcorL) and title identifying the surface.

The identification number can have any value between 1 and 10,000. The
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numbering system used in referencing the matrices is given in-Table X of.

Reference 2. The second group of data consists of the hydraulic radius

(' ) and the nondimensional geometric quantities,S , ,

o Af/A nt , A (V /V),trt, and NL (see Appendix I of

Ref 2 for a more detai:led.ddcriptionof these quantities and the

relations used to compute them). In addition, it includes the value of

an index,ty , specifying the type of surface. The last group of data

consists of a table of experimental values of friction factor (-) and

Colburn modulus (j ) versus Reynolds number (Pe). The matrix to be used

for each fluid is specified in the input data by giving the appropriate

identification number previously assigned to the matrix in generating the

tape. The required data for the matrix are then read from the tape when

needed by the program.

Detailed Description of Input Data

The information required to prepare the input data for a case

is furnished in the table given below. This information contains a de-

scription of each input item as well as a description of the form in

which these items are written on input data sheets. The descriptions of

the input items refer frequently to several points, relevant to the

selection of input values, which are discussed in the subsequent sub-

section. The discussions of these numbered points provide additional

detailed information useful in preparing the input data for any case. It

should be noted that any consistent set of units may be used for the in-

put items; however, the English system of units is included in the de-

scription of each item.

The first input item read by Program KRONOS consists of a

description of the case, This item, as specified by a FORMAT statement,

consists of 1-72 alphanumeric characters; any combination of numbers,

capital letters, punctuations, or blanks may be used.

Fortran

Line Location Symbol Description

1 1-72 COMENT A statement describing the case
to be considered; this may be
left blank but may not be omitted
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The remaining input items are read into Program KRONOS using a

NAMELIST statement. Input data referring to a NAMELIST statement begins

with a $ in the second location on a new line, immediately followed by

the NAMELIST name, immediately followed by one or more blank characters.

Any combination of three types of data items may then follow. The data

.ims must be separated by commas. If more than one line is needed for

the input data, the last item on each line, except the last line, must

be a number follow.ed by a comma. The first location on each line should

always be left blank since it is ignored. The end of a group of data is

signaled by $END in the second through fifth locations of a line. The

form that data items may take is:

1. Variable-name = constant,_where the variable name may be

an array element or a simple variable name. Subscripts

must be integer constants.

.2. Array name = set of constants separated by commas where APe

constant may be used to represent A consecutive values

of a constant. The number of constants must be equal to

the number of elements in the array.

3. Subscripted variable = set of constants separated by

commas where, again, kct constant may be used to rep-

resent ~ consecutive values of a constant. This results

in the set of constants being placed in consecutive array

elements, starting with the element designated by the sub-

scripted variable.

The items in the namelist NAM3 are as follows:

Fortran Input
Symbol Item Description

NFLO Indicator:

NFLO=I if the flow arrangement
is multipass-crossflow

NFLO=2 if the flow arrangement
is parallel flow

NFLO=3 if the flow arrangement
is counterflow (see point

NPC NP Number of passes in a multipass-
crossflow arrangement; this item
may be omitted if NFLO~I



Symbol Ite Description

NXIN M X  Number of increments into which the

parallel or counterflow heat exchanger
is divided for the calculations; this
item may be omitted if NFLO= (see
point 2)

NXPPIN " Number of increments in the x direction
N bP into which each pass of the crossflow

heat exchanger is divided for the
calculations (see point 2); this item

may-be omitted if NFLOI1

NYPIN N Number of increments in the y direction
into which each pass of the crossflow
heat exchanger is divided for the cal-
culations (see point 2); this item may
be omitted if NFLO/I

The user of the program may specify that the value set in the program of

either WX , N , or N should be used in the calculations by

setting either ,N p, or N , respectively, equal to zero in the

input data. (The values set in the program are = 10, i, f
= 5, and

S = 10.)

For-tran InP ut
Symbol Item Description

RHUNIT Proportionality factor by which the
values of hydraulic radius obtained
from the matrix-data tape are multi-
plied to convert them to the appropri-
ate units. This quantity is required
only if the user of the program does
not wish to specify the hydraulic
radius for each fluid, but instead
wishes to use the values obtained
from the matrix-data tape (see point 3)

GC 0 Proportionality constant in Newton's
Law (4,169 x 10 ), ft Ibm per ibf hr2

ELX L Core dirmerision in the x dire:tic .; ft

(see sketch included with Nomenciature)

ELY L Core dimension in the y direction, ft
(see sketch included with Nomenclature)

ELNF L Core dimension in the nonflow direction,
ft (see sketch included with Nomen=latu'e)

PP A. Parting-plate thickness, ft

DENSMP /,Otr" Density of the parting-plate metal, .lo
ESp er cu t.



Fortran input
Symbol Item Descr i_ i on

CPMP V-" I t Heat capacity of the parting-plate metal,

Btu per Ibm deg R

SWL ow Thickness of the side wall parallel to the

parting plates, ft

SWT a Thickness of the side wall normal to the

parting plates, ft

DENSMW - Density of the side wall metal, Ibm per

met, si cu ft

CPMW Heat capacity of the side-wall metal,

v Lea J Btu per Ibm deg R

PINS Inlet pressure for fluid s, psf

NCORES Identification number of the matrix

cO, associated with fluid s (see point 3)

RHINS r Hydraulic radius of the matrix associated

IEs with fluid s, ft. The user of the program
may specify that the value of v, _ obtained
from the matrix-data tape be use in the

calculatigns by setting. equal to zero

and entering the correct value of RHUNIT

(see point 3)

SPLS a. Splitter-plate thickness for the matrix

associated with fluid s, ft

CONDMS Conductivity of the metal for the matrix
S associated with fluid s, Btu per hr ft

deg R

DENSMS toe S Density of the metal for the matrix as-
sociated with fluid s, Ibm per cu ft

CPMS C ,mLt,s Heat capacity of the metal for the matrix
associated with fluid s, Btu per Ibm deg R

ICOMPS L Indicator for fluid s:

ICOMPS=I if fluid s is a gas
!COMPS=2 if fluid s is a liquid

ZS Compressibility factor for fluid s; this
item may be omitted if ICOMPS=2

GASKS R, Gas constant for fluid s, ft lbf per Ibm

deg R; this item may be omitted if ICOMPS=2

NTFPS Number of temperatures at which values of
the fluid properties are specified for
fluid s (a maximum of 10 is allowed)

A
(TFPS(N), Tn,5 Table of values of temperature at which
N=I,NTFPS) fluid properties are entered for fluid s,

deg R (see point 4)
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Fortran Input

Symbol Item Description

(CPXS(N) Table of values of specific heat corres-

N=I,NTFPS) 'M s  ponding to the temperatures TFPS for

fluid s, Btu per Ibm deg R

VSXSN) Table of values of viscosity corresponding

N=I,NTFPS) to the temperatures TFPS for fluid.s, ibm

per hr ft
A

(THKXS(N), Table of values of thermal conductivity

N=I,NTFPS) corresponding to the temperatures TFPS

for fluid s , Btu per hr ft deg R

(ROXS(N), Table of values of density corresponding

N=I,NTFPS) to the temperatures TFPS for fluid s ,

Ibm per cu ft; this item may be left

blank if ICOMPS=1

PINR .i, Inlet pressure for fluid r , psf

NCORER Wcov' Identification number of the matrix as-

c, ' sociated with fjuid r (see point 3)

RHINR Hydraulic radius of the matrix associated

hsY with fluid r , ft. The user of the pro-

gram mdy specify that the value of ,.

obtained from the matrix-data tape be
used in the calculations by setting r,,,

equal to zero and entering the correct

value of RHUNIT (see point 3)

SPLR C Splitter-plate thickness for the matrix

nS r associated with fluid r , ft

CONDMR Conductivity of the metal for the matrix

eC,r associated with fluid r , Btu per hr ft

deg R

DENSMR /O r Density of the metal for the matrix

associated with fluid r , Ibm per cu ft

CPMR C etHeat capacity of the metal for the matrix

associated with fluid r, Btu per Ibm deg R

KPHR Indicator for fluid r:

KPHR=l if fluid r is single phase

KPHR=2 if fluid r is single component,
two phase

KPHR=3 if fluid r is a two component
wet gas

If KPHR=2 the input data for fluid r resumes on page i1 with the item TSAT,

whereas if KPHR=3, the input data for fluid r resumes on page 13 with the

item ZG.



Fortran Inut.
I tem Description

ICOMPR o r  Incicator for fluid:r:

ICOMPR=l if fluid r is a gas

ICOMPR=2 if fluid r is a liquid

ZR Compressibility factor for fluid r;

this item may be omitted if ICOMPR=2

GASKR RGas constant for fluid r, ft lbf per
Ibm deg R; this item may be omitted

if ICOMPR=2

NT Fi Number of temperatures at which values

of the fluid properties are specified

for fluid r (a maximum of 10 is allowed)

(TFPR(N), Table of values of temperature at which

N=1,NTFPR) fluid properties are entered for fluid r ,

deg R (see point 4)

(CPXR(N), C Table of values of specific heat cor-

N=1,NTFPR) responding to the temperatures TFPR for

fluid r , Btu per lbm deg R
A

(VISXR(N), /4v V Table of.values of viscosity correspond-

N=I,NTFPR) ing to the temperatures TFPR for fluid r ,

Ibm per hr ft

(THKXR(N), - Table of values of thermal conductivity

N=1,NTFPR) corresponding to the temperatures TFPR

for fluid r , Btu per hr ft deg R
A

(ROXR(N), iOn Table of values of density corresponding

N=I,NTFPR) r to the temperatures TFPR for fluid r ,
Ibm per cu ft; this item may be left

blank if ICOMPR=1

The input data in the case where KPHR=I resumes on page 14 with the item iNC.

TSAT Tst Saturation temperature of fluid r corre-

sponding to the inlet pressure j r , deg R

HFGSAT Latent heat of vaporization of fluid r
corresponding to the saturation temper-

ature Tt, Btu per Ibm

PCRIT i t Critical pressure of fluid r, psf

PATM p Atmospheric pressure (2116.2 at standard
conditions), psf

GACC Acceleration of gravity (4.169 x 108 for
G a standard station on earth), ft per hr2
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Fortran Input
Symbol Item Description

ZV v Compressibility factor for the vapor phase
of fluid r

GASV R v  Gas constant for the vapor phase of fluid r,
ft lbf per Ibm deg R

NTFPV Number of temperatures at which values

of the fluid properties are specified

for the vapor phase of fluid r(a maximum

of 10 is allowed)

(TFPV(N), Table of values of temperature at which

N=I,NTFPV) fluid properties are entered for the vapor

phase of fluid r, deg R (see point 4)

(CPXV(N), C Table of values of specific heat corre-

N=I,NTFPV) sponding to the temperatures TFPV for the

vapor phase of fluid r , Btu per Ibm deg R
A

(VISXV(N), / V  Table of values of viscosity corresponding

N=I,NTFPV) to the temperatures TFPV for the vapor
phase of fluid r , Ibm per hr ft

('THKXV(N), A Table of values of thermal conductivity

N=I,NTFPV) corresp6nding to the temperatures TFPV
for the vapor phase of fluid r, Btu per
hr ft deg R

NTFPL Number of temperatures at which values of
the fluid properties are specified for the

liquid phase of fluid r (a maximum of 10
is allowed)

A

(TFPL(N), Tv% Table of values of temperature at which

N=I,NTFPL) fluid properties are entered for the
liquid phase of fluid r, deg R (see
point 4)

A

(CPXL(N), C p Table of values of specific heat corre-

N=I,NTFPL) sponding to the temperatures TFPL for

the liquid phase of fluid r , Btu per
lbm deg R

(VISXL(N), h Table of va!ues of viscosity correspond-

N=1,NTFFL) ing to the temperatures TFPL for the

liquid phase of fluid r, Ibm per hr ft

(THKXL(N), n Table of values of thermal conductivity
N=I,NTFPL) corresponding to the temperatures TFFL

for the liquid phase of fluid r, .Btu
per hr ft deg R

(ROXL(N), , Table of values of density corresponding
N=I,NTFFL) to the temperatures TFPL for the liquid

phase of fluid r , Ibm per cu ft.
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The data for fluid r in the case where KPHR=2 resumes on page 14 with the

item INC.

Fortran Input
Symbol I tern Descripti on

ZG 2 Compressibility factor for the gas com-

ponent of fluid r

GASKG Gas constant for the gas component of

fluid r, ft lbf per Ibm deg R

EMWG M Molecular weight of the gas component

of fluid r , Ibm per Ibm-mole

NTFPG Number of temperatures at which values

of the fluid properties are specified

for the gas component of fluid r (a

maximum of 10 is allowed)
A

(TFPG(N), T Table of values of temperature at which

N=I,NTFPG) fluid properties are entered for the

gas component of fluid r , deg R (see

point 4)
A

(CPXG(N), C Table of values of specific heat corre-

N=I,NTFPG) ponding to the temperatures TFPG for

the gas component of fluid r, Btu per

Ibm deg R

(VISXG(N), Pn Table of values of viscosity correspond-

N=I,NTFPG) ing to the temperatures TFPG for the gas

component of fluid r, Ibm per hr ft
A

(THKXG(N), A Table of values of thermal conductivity

N=I,NTFPG) corresponding to the temperatures TFPG

for the gas component of fluid r , Btu

per hr ft deg R

ZV ZV  Compressibility factor for the vapor com-

ponent of fluid.r

GASKV R. Gas constant for the vapor component of
fluid r , ft Ibf per Ibm deg R

EMWV M V  Molecular weight of the vapor component

of fluid r , IDm per Ibm-mole

NTSAT Number of satjration temperatJres at
which values of pressure and latent
heat of vaporization are specified for

the vapor component of fluid r (a maxi-

mum of 10 is allowed)

(TSATX(N), Ts, Table of values of saturation temperature

N=I,NTSAT) at which values of pressure and latent
heat of vaporization are entered for the
vapor component of fluid r , deg R
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Fortran input

" . to. Ilem Description

P-. ' (N) Table of values of pressure corre-

N=I,NTSAT) sponding to the saturation temperatures

TSATX for the vapor component of fluid r,

psf
A

(HFGSTX(N), h Table of values of latent heat of vapor-

N=I,NTSAT) ization corresponding to the saturation

temperatures TSATX for the vapor component

of fluid r , Btu per Ibm

NTFPV Number of temperatures at which values

of the fluid properties are specified

for the vapor component of fluid r (a.
maximum of 10 is allowed)

(TFPV(N), T Table of values of temperature at which

N=I,NTFPV) fluid properties are entered for the

vapor component of fluid r , deg R

(see point 4)

(CPXV(N), C Table of values of specific heat corre-

N=1,NTFPV) ponding to the temperatures TFPV for

the vapor component of fluid r, Btu
per lbm deg R

A
(VISXV(N), 1 v  Table of values of viscosity correspond-

N=I,NTFPV) ing to the temperatures TFPV for the
vapor component of fluid r , Btu per Ibm

. ... deg R

(THKXV(N), 4 Table of values of thermal conductivity

N=I,NTFPV) . corresponding to the temperatures TFPV

for the vapor component of fluid r ,

Btu per hr ft deg R

INC Indicator:

INC=I if the initial conditions cor-
respond to start-up

INC=2 if the initial conditions cor-
respond to steady-state (see
point 5)

TEX Te.Wh Temperature of the heat exchanger metal
at start-up, deg R; this item may be

omitted if INC=2 (see point 5)

NPER N Number of time periods of constant time

increment into which the transient in-
vestigation is divided; a maximum of 10

is allowed (see point 6)

(THPER(N), Length of each successive time period

N=I,NPER) in the transient investigation, hr



Fortran Input

Symbol Item Descr p_tion

(NDTH(N), b Nominal number of time increments for

N=I,NPER) h each time period of the transient in-

vestigation (see point 6)

(ITHC(N), Indicator for each time period of the

N=1,NPER) transient investigation:

ITHC(N)=O if the size of the time

increment in time period h

corresponds to the nomi-
nal number of time increments

ITHC(N)=I if the size of the time in-

crement in time period h cor-

responds to the nominal number

of time increments, but is

bounded by calculated maxi-
mum and minimum values

ITHC(N)=2 if the size of the time
increment in time period n
corresponds to the average

of the calculated maximum
and minimum values (see
point 6)

IMS . Indicator for fluid s:

IMS=I if the variation of mass flow

rate with time is expressed ana-

lytically
IMS=2 if the variati-on of mass flow

rate with time is expressed
tabularly

If IMS=2 the input data for fluid s resumes below with item NMS.

(CMS(N),
N=1,9) Array of nine coefficients in the ana-

lytical expression for mass flow rate
as a function of time for fluid s (see
point 7)

The data for fluid s in the case where iMS=i resumeson page 16 with item ilS.

NMS Number of entries in the tabular speci-
fication of mass flow rate as a function
of time for fluid s (a maximum of 20 is
allowed)

A

(THWS(N), Table of values of time at'which values
N=1,NWS) of mass flow rate are entered for fluid s.,

hr

(WSX(N), w Table of values of mass flow rate corrc-
N=I,NTS) sponding to the times THWS for flu-id s

Ibm per hr
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Fortran Input

Symbol item Description

ITS Indicator for fluid s:

ITS=I if the variation of inlet tem-

perature with time is expressed

analytically

ITS=2. if the variation of inlet tem-

perature with time is expressed'

tabularly

If ITS=2 the input data for fluid s resumes below with item NTS.

(CTS(N), C Array of nine coefficients in the analy-

N=1,9) tical expression for inlet temperature as

a function of time for fluid s (see point 7)

The fluid input data in the case where ITS=I resumes below with item NMR.

NTS Number of entries in the tabular specifica-

tion of inlet temperature as a function of

time for fluid s (a maximum of 20 is

allowed)
A

(THTS(N) Table of values of time at which values of

N=I,NTS) inlet temperature are entered for fluid s,

hr.

(TINSX(N), Table of values of inlet temperature cor-

N=I,NTS) responding to times THTS for fluid s, deg R

IMR Indicator for fluid r:

IMR=I if the variation of mass flow

rate with time is expressed

analytically

IMR=2 if the variation of mass flow

rate with time is expressed

tabularly

If IMR=2 the input data for fluid r resumes below with item NMR.

(CMR(N), Cwr Array of nine coefficients in the analyti-

N=1,9) cal expression of mass flow rate as a func-

tion of time for fluid r (see point 7)

The data for fluid r in the case where IMR=l resumes on page 17 following

item WRX.

NMR Number of entries in the tabular specifica--

tion of mass flow rate as a function of

time for fluid r (a maximum of 20 is allowed)
A

(THWR(N), Owl Table of values of time at which values of

N=I,NWR) mass flow rate are entered for fluid r,

hr.
A

WRX(N), n Table of values of mass flow rate corres-

N=I,NWR) ponding to the times THWR for fluid r,
Ibm per hr
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If KPHR=2 the input data for fluid r resumes on page 18 with the item ITXV.

Fortran Input

Symbol Item 'Description

ITR Indicator for fluid r:

ITR=1 if the variation of inlet temper-

ature with time is expressed analy-

tically

ITR=2 if the variation of inlet temper-

ature with time is expressed tabu-

larly

If ITR=2 the input data for fluid r resumes below with item NTR.

(CTR(N), CTrv Array of nine coefficients in the ana-

N=1,9) lytical expression for inlet temperature

as a function of time for fluid r (see

point 7)

The input data in the case where ITR=I and KPHR=l is now complete. Data

for additional cases may be entered by returning to line . and repeating

the above procedure. The input data in the case where ITR=I and KPHR=3 re-

sumes below with item IOM.

NTR Number of entries in the tabular speci-

fication of inlet temperature as a

function of time for fluid r (a maxi-

mum of 20 is allowed)

(THTR(N), 6? Table of values of time at which values

N=l,NTR) Tr, of inlet temperature are entered for

fluid r, hr
A

(TINRX(N), TTable of values of inlet temperature

N=l,NTR) T h rn corresponding to the times THTR for

fluid r,.deg R

The input data in the case where ITR=2 and KPHR=1 is now complete. Data

for additional cases may be entered by returning to line I and repeating

the above procedure. The input data in the case where ITR=2 and KPHR=3

continues with item IOM.

i0M Indicator for fluid r:

iOM=1 if the variation or a soite

humidity at inlet with time is

expressed analytically

IOM=2 if the variation of absolute

humidity at inlet with time is

expressed tabularly

if IOM=2 the input data for fluid r in the case when KPHR=3 resumes on

page 17 with item NOM.



Fortran Input
Symbol Item Description

(COM(N), C Array of nine coefficients in the ana-

N=1,9) lytical expression for absolute humidity
at inlet as a function of time for fluid r

(see point 7)

The input data in the case where 10M=1 and KPHR=3 is now complete. Data for

additional'cases may be entered by returning to line I and repeating the

above procedure.

NOM Number of entries in the tabular speci-
fication of absolute humidity at inlet
as a function of time for fluid r (a
maximum of 20 is allowed)

A
(THOM(N), 66 Table of values of time at which values
N=I,NOM) of absolute humidity at inlet are entered

for fluid r, hr
A

(0MX(N), CJ Table of values of absolute humidity at
N=1,NOM) inlet corresponding to the times THOM

for fluid r

The input data in the case where IOM=2 and KPHR=3 is now complete. Data

for additional cases may be entered by returning to line I and repeating

the above procedure.

ITXV Indicator for fluid r

ITXV=1 if fluid r is always a single-
phase vapor at inlet and the vari-
ation of inlet temperature with
time is expressed analytically

ITXV=2 if fluid r is always two phase
at inlet and the variation of in-
let vapor quality with time is
expressed analytically

ITXV=3 if fluid r may be single or two-
phase at inlet and the variation
of both inlet temperature and in-
let vapor quality with time are
expressed tabularly

If ITXV=2 the input data for fluid r resumes on page 19 with item CXV,

whereas if ITXV=3 the input data for fluid r resumes on page 19 with item NTXV.

(CTR(N), Cr Array of nine coefficients in the ana-
N=1,9) lytical expression for inlet temper-

ature as a function of time for fluid r
(see point 7)
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The input data in the case where ITXV=l and'KPH R =2 is now complete. Data

for additional cases may be entered by returning to line 1 and repeating

the above procedure.

Fortran Input
Symbol Item Description

(CXV(N), C

N=1,9) Array of nine coefficients in the ana-

lytical expression for inlet-vapor

quality as a function of time for fluid

r (see point 7)

The input data in the case where ITXV=2 and KPHR=2 is now complete. Data

for additional cases may be entered by returning to line I and repeating

the above procedure.

NTXV Number of entries in the tabular speci-
fication of inlet temperature and vapor

quality as a function of time for fluid r

(a maximum of 20 is allowed)

(THTXV(N), 6Q Table of values of time at which values

N=I,NTXV) Tx of inlet temperature and vapor quality

are entered for fluid r, hr
A

(TINRX(N), Table of values of inlet temperature cor-

N=I,NTXV) responding to the times THTXV for fluid r

deg R

(XVINX(N), Xj .i,hn Table of values of vapor quality at in-

N=I,NTXV) let corresponding to the times THTXV for

fluid r

The input data is now complete. Data for additional cases may be entered by

returning to line I and repeating the above procedure. With the exception

of the descriptive statement which is entered on line 1, only those items

whose values are to be changed for the new case need be entered.

Discussion of Input Data

Some important aspects to be considered in appropriately speci-

fying the input data are discussed below. Numerical reference to these

discussions has been made in the preceding subsection in which the input

format was described. The points referred to are as follows:

1. Fluid Designation - In all cases, fluid s must be single-

phase throughout the exchanger. Fluid r may be single-phase

throughout, a single-component condensing fluid (two-phase),
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or a two-component fluid in which the less volatile com-

ponent is condensing (wet gas). For multipass-crossflow

configurations, fluid s must be the one which is turned

between passes and its over-all flow direction must be

the negative X direction. In all cases, the positive x

direction is defined as the flow direction of fluid r.

The value of the indicator NFLO then completely specifies

the flow direction of fluid s. A parallel-flow arrange-

ment (NFLO=2) indicates fluid s flows in the positive x-

direction, a counterflow arrangement (NFLO=3) indicates

fluid s flows in the negative X direction, and a multipass-

crossflow arrangement (NFLO=I) indicates fluid s is turned

between passes and it flows over-all in the negative X

direction.

2. Number of Increments - For purposes of analysis, the ex-,

changer is considered to be divided into a number of finite-

difference elements. The per cent error of heat balance for

the steady-state case gives an indication of the truncation

error associated with distance in the solution procedure.

The values of Nx , or Nxj., and Ny,p set in the computer

program (Nx= 10,Nxp = 5, and 01 . = 10) are thought to

provide sufficiently accurate results in most cases-- less

than 1 per cent error in the heat balance for counterflow

or parallel-flow arrangements, and approximately 3 or 4

per cent for crossflow arrrangements. However, if the per

cent error of the heat balance is not satisfactory, the user

of the program can alter the value through the specification

of N X, or Nx p and Ny, . The error varies inversely with

the number of finite-difference elements.

3. Geometry and Performance of Core - The heat-exchanger core

consists of plate-fin heat-transfer matrices whose internal

geometry and flow and heat-transfer performance character-

istics must be specified by the program user. This is done

by specifying the matrix identification number (Wcove ) as-

sociated with each of the two fluids. The required geometric
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and performance data for each matrix are read from the

matrix-data tape described previously. The internal di-

mensions of the matrix are computed from the nondimensional

data given on the tape and a value of the hydraulic radius.

The option is available of using either the value of rk

obtained from the tape or a value specified by the user. The

latter option is equivalent to scaling the dimensions of the

actual matrix used in measuring the experimental f and j

data given on the tape. A reasonable amount of scaling

(a factor of about 2 or 3) should be possible for uninter-

rupted-fin matrices without significantly affecting the

measured flow and heat-transfer performance. However, a

lesser amount of scaling (say a maximum of about a 10 or

20 per cent change in hydraulic radius) should be used with

the interrupted-fin variety of matrix.

4. Fluid Properties - The temperatures at which fluid properties

are specified should cover the range of temperatures the fluid

could possibly assume in the case, so that interpolation will

always be performed. In any case, extrapolation of properties,

with the exception of f and j data, is not allowed; rather

bounding values of the property will be used. Further, if

the interpolation procedure is to function properly, the

temperatures at which fluid properties are specified must

be in monotonically increasing order.

5. Start-up Conditions - It is felt that the start-up initial

condition can best be simulated by the computer program by

setting (a) the fluid temperatures at9 =0 equal -to the

temperature of the heat-e changer metal specsified in the

input data (Texch), a:j (b) the fiuid mass f.lo at j=0 eqca,

to zero. Both fluid temperatures and mass-flows should then

be allowed to reach their intended values in a manner modeled

after the actual variation.

6. Time increment - The specification of time increment in the

transient investigation is influenced by (a) the truncation
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error associated with time in the solution procedure, and (b)

the hyperbolic nature of the governing differential equations.

The former influence leads to greater accuracy as the size of

the time increment decreases, while the latter influence (see

Appendix IV of Volume I) causes a decrease in accuracy at small

values of 6 if the size of the time increment decreases beyond

a certain value. In most cases, these influences combine to

produce a relatively wide range of acceptable values 'of time

increment at each point in time which is bounded by both mini-

mum and maximum values. In the input data, the transient in-

vestigation is first divided into a number of time periods.

The total time interval to be investigated ('Ooi-,t.val) is

determined by the number of periods and length of each period,

9J

For each time period, the user of the program has the option

of either (a) specifying a constant time increment (ITHC=O)

given by dividing the length of the time period by the number

of time increments, (b) the time increment of (a) above but

bounded by internally calculated maximum and minimum values

at each point in time (ITHC=I), or (c) the time increment ob-

tained by averaging the internally calculated maximum and mini-

mum values at each point in time (ITHC=2). The first option

(a) should be used when results are desired at definite values

of 0 (for example, values below the mini'mum A 9 calculated

by the.program) over the total time interval. The second

option (b) provides a semi-automatic procedure for selecting

the time increment, allowing the program user some control

over the values of 1! at which calculations are performed;

it is suggested that this option be used in most cases. The

third option (c) provides a completely automatic procedure

which can be used in cases where the program user has no pre-

ference as to the values of 6 at which calculations are per-

formed and results printed.
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7. Analytical Variation of Input Data with-Time - The analytical

variation of time-dependent input data is specified in the

form of nine coefficients for each input item. In the com-

puter program, the nine coefficients are applied to the fol-

lowing general expression:

TIB)-C+, ec0+C c iC si n C78+Cq ros C95)

Hence a wide variety of analytical variations of input data

may he specified.
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OUTPUT DATA

The output of Program KRONOS consists entirely of printed

data. The printed data falls into two main categories: normal out-

put, and error messages with additional output. The normal output,

which is illustrated by the sample cases included in the report, will

be described first. Although the units of the output are determined

by the input data,,.the English system of units is included in the

description of each item.

Normal Output

The information included in the normal output can be divided

into the following categories:

1. General input data.

2. Fluid or associated matrix input data.

3. Time-related input data.

4. General results of the calculations.

5. Time-dependent results of the calculations.

A description of the items in each category is given below.

The normal output of a typical case begins with the statement

describing the case, immediately followed by the items in category 1--

general input data. The general input data consists of:

1. Flow arrangement.

2. Number of passes for a multipass-crossflow arrangement.

3. Number of calculation increments to be used.

4. Proportionality factor by which values of hydraulic

radius obtained from the matrix-data tape are multiplied

to obtain the desired units.

5. Proportionality constant in Newton's Law, ft Ibm per

Ibf hr

6. Core dimensions, ft

7. Parting-plate thickness, ft, density, Ibm per cu ft, and

he=' capacity, Btu per Ibm deg R

8. Sitr wall thicknesses parallel and formal to the partinc

plates, ft, density, Ibm per cu ft, and heat capacity,

Btu per lbm deg R.
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The normal output of a typical case continues with the items

in category 2-- fluid or associated matrix input data. The items, which

appear for fluid s and fluid r'consist of:

I. Inlet pressure, psf.

2. Flow direction.

3. Matrix identification number.

4. Hydraulic radius, ft, of the matrix or a statement that

the hydraulic radius has been obtained from the matrix-

data tape.

5. Splitter-plate thickness, ft, thermal conductivity,

Btu per hr ft deg R, density, Ibm per cu ft, and heat

capacity, Btu per Ibm deg R, for the matrix material.

6. Fluid type, i.e., gas or liquid and, for fluid r,,

two-phase fluid or wet gas.

7. Compressibility factor and gas constant, ft lbf per

Ibm deg R, for a gas or vapor.

8. Molecular weight, Ibm per Ibm-mole, for the gas and vapor

components of a wet gas.

9. Saturation temperature, deg R, and latent heat of

vaporization, Btu per Ibm, corresponding to the inlet

pressure for a two-phase fluid.

10. Critical pressure, psf, atmospheric pressure, psf, and

acceleration of gravity, ft per hr2 , for a two-phase

fluid.

11. Tabulated values of pressure, psf, and latent heat of

vaporization, Btu per Ibm, as a function of saturation

temperature, deg R, for the vapor component of a wet gas.

12. Tabulated values of specific heat. Btu per Ibm deg R,

viscosity, Ibm per hr ft, thermal conductivity, Btu

per hr ft deg R, and, for a liquid, density, Ibm per cu

ft, as a function of temperature, deg R, for a single-

phase gas or liquid, both vapor and liquid phases of a

two-phase fluid, or both gas and vapor components of a

wet gas.
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The normal output of a typical case concludes printing the

input data with the items in category 3-- time-related input data.

The items consist of:

I. Initial conditions, i.e., start-up or steady-state.

2. Heat exchanger metal temperature for the start-up

initial condition, deg R.

3. Number of time periods into which the transient

investigation is divided.

4. Length, hr, nominal number of time increments, and

indicator of the option used to determine the size of

the time increment for each time period. The meaning

of the indicators appears below their specification.

5. Mass flow rate, Ibm per hr, as a function of time, hr,

either as an analytical expression or as tabulated

values, for both fluids.

6. Inlet temperature, deg R, as a function of time, hr,

either as an analytical expression or as tabulated

values, for both fluids except possibly fluid r when

it is always two-phase at inlet.

7. Absolute humidity at inlet as a function of time, hr,

either as an analytical expression or as tabulated

values, for fluid r when it is a wet gas.

8. Vapor quality at inlet as a function of time, hr,

either as an analytical expression or as tabulated

values, for fluid r when it is a two-phase fluid except

possibly when it is always single-phase at inlet.

The results of the calculations appear next in the normal

output for a typical case, beginning with the items in category 4--

general results of the calculations. The general results consist of:

1. Identification number and name (in parentheses) of the

matrix associated with each side of the heat exchanger.

2. Hydraulic radius, ft, plate spacing,.ft, fin .spacing,

ft, and fin thickness, ft, of the associated matrix for

each side of the heat exchanger.
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3. Void volume, cu ft, and total heat-transfer area, sq ft,

of the associated matrix for each side of the heat

exchanger.

4. Core volume, cu ft, and core weight (dry), Ibm, of

the over-all heat exchanger.

5. Heat capacity of the core structure, Btu per deg R,

and heat capacity of the sidewall in contact with

each fluid, Btu per deg R.

The normal output of a typical case concludes with the items

in category 5-- time dependent results of the calculations. These

items, which appear for each value of: at which calculations are

performed, consist of:

1. Mass flow rate, Ibm per hr, inlet temperature, deg R,

and outlet temperature, deg R, for fluids s and r of

the heat exchanger.

2. Vapor quality at inlet and outlet for fluid r if it is

a two-phase fluid.

3. Absolute humidity at inlet and outlet for fluid r if it

is a wet gas.

4. Pressure drop, psf, inlet pressure, psf, and outlet

pressure, psf, for each side of the heat exchanger.

5. Average value of Reynolds number (except for fluid r if

it is two phase), heat-transfer coefficient, Btu per hr

sq ft deg R, and heat-transfer surface efficiency.

6. Effectiveness (- ) and average total conductance (UA),

Btu per hr deg R, of the heat exchanger where,

I TI

UA (Qo vA)vr (ohA)ve is

7. Dew point, deg R, of fluid r if it is a wet gas.

8. Total heat-transfer rate, Btu per hr, and approximate

per cent error of the heat balance if the steady-state

initial conditions are being considered.

In addition to the above items, a statement may appear indicating

that extrapolation of the specified f and j data for the matrix associatcd
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with sides s and/or r- was necessary to perform the calculations.

Error Messages and Additional Output

In addition to the normal output, various messages may

appear in the output of a case.. These messages indicate that

difficulty has been encountered during execution of the case. The

messages are considered below in the order of their appearance in

the program.

1. ONE OF THE MATRICES SPECIFIED IN THE INPUT IS NOT

CONTAINED ON THE MATRIX-DATA TAPE

This message is printed in Subroutine KEDMAT; the meaning

of the message is clear. There are two possible reasons for its

appearance:

a. A matrix identification number has been in-

correctly entered in the input data.

b. Data for a particular mafrix has been mistakenly

assumed to be present on the tape.

In either situation, execution of the case is immediately halted and

the entire run is terminated.

If the first reason above is responsible for the message,

the case must simply be resubmitted with the correct matrix identifica-

tion number. On the other hand, if the second reason is responsible

for the message, the matrix-data tape must be altered by the addition

of data for the matrix in question before the case can be executed

successfully. The addition of data to the matrix-data tape is dis-

cussed on pages 147 through 163 of Reference 2.

2. THE TRANSIENT ANALYSIS AT TIIME THETA = X.XXXXX+XX

HAS NOT CONVERGED AFTER XX ITERATIONS. THE RESULTS

OF THE FINAL ITERATION, INCLUDING TEMPERATURE (AND

VAPOR QUALITY) DISTRIBUTIONS, ARE GIVEN BELOW -

This message is printed in Subroutine CNTRLL if a parallel-

flow or a counterflow heat exchanger is being considered, or in

Subroutine KROSS if a crossflow heat exchanger is being considered.

The message indicates that the iteration procedure to determine the
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Letem~crtu.re (and vapor quality) distributions in the heat exchanger has

noL converged within the allowable tolerance of 0.1 per cent of the tem-

perature range (calculated as TmX- ;,,i at 9 = 0) in the heat exchanger

(0.002 for A~ v ) after maximum number of iterations.. Also the mes-

sage indicates that the temperature (and vapor quality) distributions of

the final iteration are printed in addition to the normal results which.

would be printed if the final iteration had been convergent. The dis-

tributions are printed for both fluids and consist of the distribution

-athe previous value of , the estimated distribution at the current

value of 0 for the final iteration, the calculated distribution at the

current value of 6F1for the final iteration, and the corresponding devia-

tions between the two sets of values at the current value of O . The

distribution itself, consists of stations at the inlet and exit of each

incremental section of the passage-- the inlet of a section coinciding

with the exit of the preceding section when there is a preceding section.

Again, there are two possible reasons for the appearance of the

message:

a. The iteration precedure does not converge at a sufficient

rate for the case under consideration.

b. The iteration procedure either oscillates or diverges for

the case under consideration.

An examination of the distributions following the error message should in-

dicate which reason is applicable.

The maximum number of iterations has been set at a sufficiently

large value so that even slowly converging cases should meet the allowable

tolerance. In those exceptional cases where the allowable tolerance is

not met, the estimated and calculated distributions should still be quite

near agreement. It must then be decided if, under the circumstances, the

resulting maximum deviation is an allowable tolerance so that the results

azcompanying the distributions may be accepted.

In general, a slow rate of convergence can be expected when the

fluid in one passage tends to very closely approach the maximum or mini-

mum temperature in the system. Decreasing the size of such heat exchangers

will increase the rate of convergence without introducing a comparable

error in the outlet temperatures. Hence, an alternative is available to
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accepting the accompanying results when a very slow rate of convergence

causes the above error message to appear.

The iteration procedure can oscillate in cases involving a

condensing fluid, due to the relatively strong effect of the temperature

(and quality) distributions on the heat-transfer coefficient. Decreas-

ing the size of the spatial increments should alleviate this problem in

most cases.

The above error message is allowed to appear a total of five

times in a given case. If the situation causing it occurs more than

five times, the calculations for the case are terminated.
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MISCELLANEOUS OPERATIONAL INFORMATION

Program KRONOS occupies approximately 46,000 core locations.

Thus, with an average monitor system storage of 12,000 locations, the

total storage requirement is comfortably within the core capacity of

64,000 locations.

Of the approximately 46,000 locations occupied by the

program, storage of the arrays containing values for each increment

or station of the heat exchanger requires 23,020 locations. For

counterflow and parallel-flow arrangements, these arrays are one - or

two-dimensional, depending upon whether the quantity pertains to one

or both sides of the heat exchanger, and allow a maximum of 1001

stations in the calculations. Occupying the same storage locations,

the corresponding arrays for multipass-crossflow arrangements are two-

and three-dimensional, respectively, again depending upon whether the

quantity pertains to one or both sides of the heat exchanger. The

sizes of the'dimensions associated with the number of increments or

stations are variable. They are chosen on the following basis: (a)

the maximum number of stations in the x and Y directions are in

the ratio of the number of increments in the x and y directions

obtained from the input data, (b) the arrays fill, as nearly as

possible, the 1001 locations for station values or the 1000 locations

for increment values.

The execution time of Program KRONOS depends primarily on

the number of times 0 to be examined in the analysis, the number of

spatial increments, and number of iterations required for the con-

vergence of the calculation procedure at each time. However, the

execution times given below for the three sample cases discussed in

the following section of this report are probably typical of most

cases which will be encountered. The sample single-phase counterflow

case using 10 spatial increments required approximately 20 seconds for

execution to obtain results at 27 values of 8 . The wet-gas crossflow

case using a total of 100 spatial increments (10 in the X direction
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for results at 31 values of . The two-phase crossflow case involving

the use of a total of 100 spatial increments (10 in the X direction and

10 in the y direction) required approximately 23 minutes, 41 seconds

to yield results at 31 values of 0

As was mentioned previously, part of the input data required

.by Program KRONOS is supplied by means of a magnetic tape called the

..matrix-data tape. At the start of each run, this tape must be mounted

on the appropriate tape drive corresponding to the internal system

logical-unit number 9. This tape-unit number has been given the

Fortran-Variable name LTAPE and is assigned the value of 9 in Subroutine

KEDKAT. At the conclusion of a run, the matrix-data tape should be

removed and saved. The instructions necessary for mounting and

saving the tape must be supplied to the computer operator upon sub-

mitting the run.
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DESCRIPTION OF SAMPLE CASES

In this section, three sarple cases involving the calculation

of the transient thermal performance of plate-fin heat exchangers are dis-

cussed to illustrate the use of Program KRONOS. The three configurations

considered are a counterflow single-phase exchanger, a two-pass crossflow

wet-gas exchanger, and a two-pass crossflow Freon condenser. The pro-

cedures and decisions involved in preparing the input data are described,

and completed data-input sheets and resulting computer output data are

also presented.

All three cases have several aspects in common. The heat ex-

changers considered are all constructed of aluminum throughout ( -et

= 100 Btu per hr ft deg R, /oIMt = 168 Ibm per cu ft, and CP = 0.213

Btu per Ibm deg R). In addition, the internal dimensions of the heat-

transfer matrices in each exchanger correspond to those used in obtaining

the experimental f and j data given on the matrix-data tape for each matrix.

Therefore, the value of the hydraulic radius stored on the tape is used

for each matrix; that is, there is no scaling-of the dimensions of any of

the matrices. Also, the values of the number of spatial increments used

in each case are those set internally in the program ( ?. = 10 for counter-

flow and Nx , = 5, ,p = 10 for crossflow). Finally, the initial con-

ditions in each case correspond to a steady-state situation from which

a "step change" in the inlet conditions of the fluid on one side of the

exchanger occurs. The step change in each variable is approximated by

a steep ramp; the time interval over which the change occurs is approxi-

mately the same order of magnitude as the dwell time of the fluid involved

in each case.

Example 1 - Counte- ow S,- .le-Fhaze E. .chaoger

Problem Statement

This case involves an e.changer in which a liquid stream (60

per cent ethylene glycol, designated as the s fluid) is being used to

heat a gas stream (oxygen, designated as the r fluid). The pertinent

wSCifi-ICt IL I ' U LiYL dc t oLhe eA._ha.!gel ae given in iaoleu e aiong

with the core dimensions,
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The situation to be investigated is as follows. The heat ex-

changer is operating at steady-state when a decrease in the inlet temper-

ature of the glycol stream (s fluid) from the initial value of 145 deg F

to a final value of 100 deg F occurs over a time interval of 0.01 hr. The

problem is to compute the transient performance over a total time interval

of 0.3 hr resulting from this change in operating conditions.

Preparation of input Data

The completed data-input sheets are shown on pages 36. through 37.

These contain all of the data (except those stored on the matrix-data tape)

necessary to solve the problem described above. Some of the input data have

been indicated previously; the remainder arise from the following consider-

ations:

1. The total time interval to be investigated is divided into

two time periods, each 0.15 hr in length. The first period

(0.0 !- D - 0.15) is subdivided into 15 increments to give

a nominal time-step size of 0.01 hr; the second (0.15 O 0.30)

is subdivided into 5 increments giving a nominal value of

~6 = 0.03 hr. The nominal value of 60 is to be used in

the calculations for each period provided it falls between

the minimum and maximum values calculated internally.

2. The parting-plate thickness is 0.001667 ft (0.020 in) and

the thickness of the side walls is 0.00834 ft (0.10 in).

3. The fluid-property data for glycol and oxygen are given in

Tables 108 and 77 of Reference 3.

Results of Analysis

The printed computer output data for this case are given on

pages 38 through 70 . The input data specified to the program are

printed on the first five pages. These are followed by twenty-eight pages

of output containing the results of the calculations. The pertinent

results are also given in Figure 1, which shows the transient variation

of the inlet and outlet temperatures of both fluids. It will be noted
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that the curve on Figure I for ,0 versus O rises slightly in the

interval from 9=0 to about 9= 0.06, although this is thermodynamically

impossible. Since the dwell time of this fluid is around 0.06 hr (in

general, a relatively large value), the curve should be horizontal in this

region and equal to the value at P =0. This minor discrepancy of less

than one degree is due to the inaccuracy of the finite-difference proced-.

ure at values of time less than the dwell time noted in Appendix IV of

Volume I. This serves to illustrate the order of magnitude involved

and points up the fact that the inaccuracies are generally negligible.
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

ENGINEER: MP PROJECT Analysis of HX Transients PROJECT NCO 1135B

TITLE, Sample to Illustrate the Use of Program KRONOS SHEET 1 OcF 2

LOCATION

c yIt C ! 1 tor V3;7 4& G4 Z 0 4)3 OO oV 4G 7 721

SAMPLE T ANSIENT ANA LYSIS OF A CCUNTERFLOW SI GLE-PHASE ECANGER.

$NAM3

NFLO=-3, XIN=10O, RHUNIT=I, 3C=4.169E8,

ELX=0.333, ELY=O.5, ELNF=O.586,

PP=0.001667, DENSMP=168, CPMP=0.213,

SL=0.083, SWT=o .00834, ENSMVW 168, PMW=0.213,

PINS=5040, NCORES
= 3007,RHINS=O,

SPLS=0.001667, CONDMS=100, DENSMS=168, ,PMS=0.213,

ICOMPS=2, NTFPS=7,

TFPs()=50 ,520,5,50,56C,580,600,620,

CPXs(1)=.7168,.7337,.7L 99,.7653,.7799,.7937,.80o7,

VISXS ()=2.-.2, 14.32,9.997,7.212,5.446,4.347,3. 20,
I I _____ ___l___l 

I

THKXS(1)=.2252,.2246,.2231,.2220,.2211,.2206,.2192,

ROXS ()=67.86,67.46,66.99,66.54,66. 9,65-76,65.30,

PINR=778  NCORER=2503,RHINR=O,

SPLR=0.001 67, CONDMR=100, DENSMR=168, ,PMR=0.213,

KPHR= 1,I I II - _ i_ _

ICOMPR=I, ZR=I, GASKR=48.2, NTFPR=3,

TFPR(1)=40C,600,800,

CPXR(1)=.21 8 3,.2210,. 2 79,
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,NOTHERN RESEARCH A:ND ENGIEERING CORPORATION

DATA INPUT'SHEET

ENGINEER-: MP PROJECT Analysis of HX'Transients PROJECT NOC 11358

TITLE' Sample to illustrate the Use of Program KRONOS SHEET' 2 F 2
TI LE*.-- ------------- PB"" ~~""

LOCfATON

J40 49 64 co4e &4&3 19

VlSXR(1)=.0 938,.05382, o.06681,

THKXR(1)=.01167,.01702, 02191,

INC=2,

NPER=2, 1HPER(])=.15,.15, 4DTH(I)=i55 c(1)= ,1
- -... ._ I .- t - .

I MS=2, MiS=l, iHWS (1)=0, !SX (1)=32,

ITS=2, PTs=3,

THTS (I)=0,.I 1,5,

TINSX(1)= 60 . 7 , 55 9 . 7 , 5 5 -7 ,

IMR=2, MR=1 FTHR(1)=O, 4RX(1)=114,

ITR=2, TR=_, THTR(1)=0, rlNRX(1)=50 4 .7,

$SEND

I ,_ ...___ _ ___ 3 ,_, , ._ . .....
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'PROGRAM KRON~OS PREDICTION OF THERMAL TRANSIENTS IN COiPACT HEAT EXCHANGERS Bs
Io -~-- ~ -i- - -~-- -~~- - - ..

SAMPLE TRANSIENT ANALYSIS OF A COUNTERFLOw SINGLE-PHASE EXCHANGER

-_s GE;NERAL INPUT DATA s_~ _

THE FLOW ARRANGEMENT IS COUNTERFLOW
S NUMBER OF CALCULATION INCREENTS = 10

PROPORTIONALITY FACTOR FOR HYDRAULIC RADIUS = 1.00000+00
PROPORTIONALITYCONSTANT = 4,16900+08

SCORE DIMENSIONS ................

LENGTH IN X DIRECTION = 3.33000-01
LENGTH IN Y DIRECTION = 500000-01

NOINFLOW LENGTH = 5o86000-01

a PARTING-PLATE SPECIFICATIONS e

THICKNESS OF THE PLATE = 1.66700-03
DENSITY OF THE NETAL = 1.68000+02

HEAT CAPACITY OF THE METAL = 2.13000-01

- SIDE.,,ALL SPECIFICATIONS *

W'ALL THICKNESS PARALLEL TO THE PARTING PLATES = 8.34000-03
WALL THICKNIESS NOR.MAL TO THE PARTING PLATES = 8.34000-03

DENSITY OF THE METAL = 1.68000+02
H ATtC-APAC I TY-OF-TRE - ETAL . 2,i3000-01



39....

**sFL UI DINiUTA.TA 

** FLUID S *

INLET PRESSURE = 5.04000+03

SIHE-FLU I D-FLOW~S IN-THE'X XDlI RECT ION-

. SPECIFICATIONS -OF THEASSOCIATEDMATRIX ,

MATRIX IDENTIFICATION JNUMBER = .3007

THEVALUE_ OF HYDRAULIC _RADIUS OBTAItED FROM THE MATRIX-DATA TAPE . IS. USED IN THE CALCULATIONIS

SPLITTER-PLATE THICKNESS = 1,66700-03
HEArA-L THERMAL CODUCTIVITY= 1,00000+02

METAL DENSITY = 1,68000+02
METAL HEAT CAPACITY = 2.13000-01

SFLUI-D POPERTIES * -__

THE FLUID IS A LIQUID

- THERMAL.....
TEIMPERATURE SPECIFIC HEAT VISCOSITY CONDUCTIVITY DENSITY

5.00000+02 7.16800-01 2,32100+01 2.25200-01 6,78600+U1
5.20000+02 7.33700-01 1.43200+01 2,24600-01 6.74600+01
5.40000+02 7.49900-01 9.99700+00 2.23100-01 6.69900+01
5 6000+02 7765300-01 7.21200+00 2.22000-01. 66500+01.
5.80000+02 7.79900-01 5.44600+00 2.21100-01 6.60900+u 16,00000+02 -- 7.93700-01 4.34700+00 2,20600-01 6.57600+01
6.20000+02 8.06700-01 3.42000+00 2.19200-01 6,50000+01



FLUID t

INLET PRESSURE 7,7 8000 02_

THE FLUID FLOWS IN THE _.+X_ DIRECTION.

$ SPECIFICATIONS OF THE ASSOCIATED MATRIX

MATRIX IDENTIFICATION NUMBER - 2503

TH .VALUE OF HYDRAULIC RADIUS OBTAINED FROM THE MATRIX-DATA TAPE IS USED 
IN THE CALCULATIONS

ST PLATE TI 16670003

METAL THERMAL CONOUCTIVITY 100000+02 ............

METAL DENSITY : 1.68000+02

METAL HEAT CAPACITY - . 13000"0 -

F LUIQ PROP TIES_*

THE FLUIO IS A GAS

COMPRESSIBILITY FACTOR 1.00000+00

GAS CONSTANT_ 4 820oool .......

THER.lAL-

TEMPERATURE SPECIFIC HEAT VISCOSITY CONDUCTIVITY

4.00000+02 2.18300-01 3.93800-02 1.16700-02

6,00000+02 .... 2.21000-01 5,38200-02 1.70200-02

ao0000002 2.27900-01 . 6.68100-02 2,19100-02



STIME RELATEO INPUT DATA ~

THE INITIAL CONDITIONS CORRESPOND TO THE STEADY STATE

TEIANSIENTINVESTIGATION IS DIVIDED INTO 2 TIME PERIODS

NOMINAL
-. .. ... .. ... NUMBER OF

TIME PERIOD .LENGTH INCREMENTS OPTION _- - - ..

S-. 1 1,50000-01 15 1
2" 1,50000-O1 5

NOTE OPTION 0 INDICATES THE SIZE OF THE TIME INCPEMENT

CORRESPONDS TO THE NOMINAL NUMBER OF INCREMENTS

OPT ION- f"- INIDC-ATES --THE- SIZE-OF -THE TIME INCREMENT

CORRESPONDS TO THE NOMINAL NUMBER OF INCREMENTS, BUT
--.-.-.. IT IS BOUNDED BY CALCULATED MAXIMUM AND MINIMUM VALUES

OPTION 2 INDICATES THE SIZE OF THE TIME INCREMENT
CORRESPONDS TO THE AVERAGE OF THE CALCULATED MAXIHUM

SMINI MUM -VALUES

e_ FLUID S ~

TIME MASS FLOW RATE

000000 3.20000+01

TIP E INLET TEMPERATURE

0.00000 6.04700+02

-----00000-02 ................. 559700+02 -.

5- 00000+00 5.-59700+02



____ __________________ _ ___ _--00000"

31bflWJdW2J. 1I N! IdL ---

31v~j MOIA ssvwl- _31I

___________________~~ fiOAi 7_____



,, OUTPUT OF THE TRANSIENT ANALYSIS ,_k_ _

. CENERAL OUTPUT OATA __

CTON THE S SIC:
TRi XUMBR 3007 ( TRIANGULARiLRAT .= 2°7 ) ON THE R SIC-

.TRIX NU:ER 2503 ( WAVY# AF/A 0,900

S SIDE R SIDE

HYDRAULIC- AD IS- 2T0 09703 1.-71751-;03

PLATE SPACING 2.08200-02 3,,4000-02

FIN SPACIN . . . 6.95000"03 4,68000-03

FIN THICKNESS " 5oo000-04 5.00000-0 ....

VOID VOLUME . 3,21181 02 5 04 528-02 ___

TOTAL hEAT-TRANSFER AREA 1 7088+ 2 .79079O01

- ORE VOLUME 975690-02

CORE WEIGHT (DRY) 2,62176+00

-- HEAT CAPACITY OF- CORE STRUCTURE 558434-01

HEAT CAPACITY OF SIDE WALL
-.. IN CONTACT WITH FLUID S 9.90995-02

HEAT CAPACITY OF SIDE WALL
---- CONTACT WITH FLUID R 1..4722-01

-*
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-- OUTPUT -DATA -OR- TIET HETA - 0 0 000 *

(INITIAL CONDITIOPJS)

S SIDE R SIDE

MASS FLOV, -RATE 3.20000+01 _...14000+02

INLET TEMPERATURE 6.04700+02 5,04700+02
'--- CUTLE-T EtE.PERAT R 5- 19151+-402 -5.88576+ 02

PRESSURE DROP ... ......... 5-2734-5-03 ----.. ---.... 7.39712-01

INLET PRESSURE 5.04000+03 7.78000+02

OUTLET PRESSURE 5.03999+03 7e77260+02

AVERAGE REYNOLS NUMBER 4.69058-01 1. 03?7102

AVERAGE HEAT-TRANSFER COEFFICIENT .. _4.15414+01 _ 6.62328+00

AVERAGE HEAT-TRANS-SER SURFACE EFFICIENCY 9.54335-01 9o77844-01
-\

EXTRAPOLATIO;I OF THE FRICTIOM FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OBTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA_FOR_SIDE RWAS
NECESSARY r0 OjTAIN THE ABOVE RESULTS

------------ ------------------------------------------------

EFFECTIVENESS .8o55494-01
AVERAGE TOTAL CONDUCTANCE (UA) 1.33025+02

TOTAL HEAT TRANSFER RATE 2.10170+03
PERCENTERROR -IN HEA T BALANCE 43544O9-01
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------ *OUTPUT DATAKFO-TbIr'rE-THETKA 66.67689-03

S SIDE R SIDE

MASS FLOW RATE 3.20000+01 -- 14000+02

I NLET TEMTPERATURE 5.74654+02 5.04700+02

OUTLET TE-PERATURE 5.19438+02 5.80055+02

PRESSURE DROP 5.26823-03 7.39570-01

INLET PRESSURE 5.04000+03 7.78000+02

OUTLET PRESSURE 5.03999+03 7,77260+02

AVERAGE REYNOLUS riNUMBER 4.42802-01 1.03834+02

AVERAGE- EAT-TRANSFER COEFFICIE IT - -4. .17881+01 6 61885400

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY . 9.54082-01 9.77859-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

------ EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE R WAS

NECESSARY TO O3TAIN THE ABOVE RESULTS

--------------------------------------- ----

EFFECTIVENESS . 1.07720+00
AVERAGE TOTAL CONDUCTANCE (UA) - 1.33159+02
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.o OUTPUT DATA FOR TIME THETA 1.33605-02 ,,

S SIDE R SIDE
------ -----

MASS FLOW RATE.... 20000+01 1,14000+02

INLET TEMPERATURE 559700+02 5,04700+02
OUTLET TEMPERATURE 5.19660+02 5,72513+02

PRESSURE DROP 5.25314-03 7.39490-01

INLET PRESSURE 5.040000+03 7.78000+02
OUTLET PRESSUR. 5.03999+03 .7.77261+02

AVERAGE REY4NOLcS NUMBER 4.22098-01 1.03983+02
AVERAGE HEAT-TRAUSFER COEFFICIENT r4.19949+01 6.634300
AVERAGE HEAT-TRANSFER _SURFACE EFFICIENCY 9.53872-01 9.77876-01

EXTRAPOLATION OF THE FRICTION FACTOR ANO COLBURN MODULUS DATA FOR SIDE S h'AS
NECESSARY TO OdTAIN THE ABOVE RESULTS

EXTRAPOLAT ION OF THE FRICT iON FACTOR AND COLBURN MODOULUS DATA FOR SIDER-W AS
NECESSARY TO OdTAIN THE ABOVE RESULTS

-----------------------------------------------

EFFLCTIVENESS 1.23297+00
AVERAGE TOTAL CONDUCTANCE (UA) 1.33245+02



UTPy- DATA F--I 'ETHETA 2 00499- 02
- -

S SIDE R SIDE

MASS FLO.- RATE 3020000+01 1.14000+02

INLET TE,tPERATURE 5,5904700+02 50470O2

OUTLET TEMPERATURE 5.19842+02 5,68208+02

PRESSURE DROP 5,24934-03 t7.39398-01

INLET PRESSURE .5.04000+03 -778000+02

OUTLET PRESSURE - .5.003999+03 7.77261+02

AVERAGE REYNOLUS NUMBER 4*09997-01 1,04127+02

AVERAGE HEAT.TRANSFER COEFFICIENT 420291+01 . 6060826+00

AVERAGE HEATTRA4SFER SURFAE EFFICIENCY 9053835-01 9.77893"01

---- EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY ITO 06TAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURNI MODULUS DATA FOR SIDE R WAS.

NECESSARY TO OoTAIN THE ABOVE RESULTS .

------------------------------------------------

EFFECTIVENESS . 1.15469+00

AV&AGEE TOTAL CONDUCTANCE (UA) 1.33197+02
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OUTPUT DATA FOR TIME THETA 2.67428-02 e

S SIDE R SIDL

MASS FLO RATE 3,2000001 ...... I,14000 02

INLET TEM:PERATURE 5--59700+02 .... 5.04700+02
OUTLET TEMPERATURE 5.19995+02 5,65060+02

PRESSURE DROP 5.26763-03 7.39002-01
INLET PRESSURE 5.0000c+03 7.78000+02
OUTLET PRESSURE 5,03999+03 7.77261402

AVERAGE REYNOLOS NUMBER 3.99916-01 1,04272+02
AVERAGL HEAT-TiANSFER COEFFIC IE;T 4,20338+01 6,6031100
AVERAGE HEAT-Tr<ANSF-ER SURFACE EFFICIENCY 9,53831-01 9.77910-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA- FOR -SIDE S WAS
NECESSARY TO OdTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTIONb FACTOR AND COLBURN MODULUS DATA FOR SIDE R-WAS
NECESSARY TO OtTAIN _THE_ ABOVE RESULTS

-------------------------------------------

EFFECTIVENESS 1.09745+00
AVERAGE TOTAL CONOUCTANCE (UA) 1,33125+02
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-UTP OTDATA-FOR -T E T A -3 34 388-02 '-

S SIDE R SIDE

MASS F L RATE 3-0000+01 i 14000+02
' . T ... .559700+02 700+02

OUTLET TEMPERATURE --

PRESSURE P 31500-03 7,38187-01
SPRESSURE OP 5 0000+0 .7.78000+02

OULT PRESSUR

AVERAGE REYNOLOS NUMBER 391247-01 1.04412+02

-AVERAGEHEAT-TRANSFER -COEFFI CIEIT 42------0498+01 6.59814
+ 00

AVERAGE HEAT-TRANSF-ER SURFACE EFFICIENCY 9,53815-01 9*77926-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OoTAI THE ABOVE RESULTS ---

EXTRAPOLATION OF THE FRICTION -FACTOR AND-COLBURN MODULUS DATA FOR SIDE R WAS

NECESSARY TO OJTAIN THE ABOVE RESULTS ....

--------- ------ ------------ - --- -----------

EFFE.CTIVENESS 1.05573+00

VKAAG
-E TOTAL CO:4OUCTANCE (UA) 1.33066+02
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OUTPUT DATA FOR YTIM ETA 4137T2

* - ~~__. .-. ._ L -. -- ""- - - -----.------------.-.- . - -. --. -- -- ..----- - ---- -~

.....-- ------I----- -

S SIDE R SIDL
- -------- ,-------

I, ASS- FLOW RATE- 320000+01 1.14000'02

... - 5o59700+02 -------....... 5o0 4 7 0 0 + 0 2

INLET TEm:PERATURE 00
OUTLET TEVPERATURE 5.20211+02 5.61027+02

PRESSURE DROP 5 39322-0 3 7.36943"01

INLET PRESSURE 5...04000+03 778000+02

OUTLET PRESSURE 503999+03 7,77263+02

AVERAGE REY40OLOS NU'.ER _383579_0_ 1,04548+02

AVERAGE HEAT-TRASFER COEFFICIENT *7207290 01 6059337+00

AVERAGE HEAT-TR ANSFER SURFACE EFFICIENCY . 953791-01..__ __ 9.77941-01 ___

EXTRAPOCATION OF ThE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S vAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

EXTRAPOLATIO-OF- THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE- R-WAS"

NECESSARY TO 03TAIN THE ABOVE_RESULTS

--------------------------

EFFECTIVENESS 1,02413+00
- AVERAGE TOTAL COtNDUCTANCE (UA) 1.33014+02



,-OUTPUT DATA -- RTIHE ITHETA- 468392,02 ----------
.... .... ..... ....... .... . .. ....... . . .. ... .... .. .... .... ...... .. .. ... .. .

S SIDE R SIDE

-MASS- FLOet RATE- 3.20000+01 111000002

IN4LET TEMPERATUR 5,59700+02 ... 5.04700+02

OUTLET TEMPERATURE 5,20256+02 5,59663+02

PRESSURE DROP 5,49340-03 7.35355-01

I LET PRESSURE 5,04000+03 7,78000+02

OUTLET PRESSURE 5.03999+03. 7.77265+02

AVERAGE REYlvOLS NUMBER 3.76712-01 1.04680+02

-AVERGEHEAT-TRAtNSFER COEFFICIENT 46 20988401 6 658881+00

AVERAGE HEAT-TrANSFER SURFACE_ EFFICIENCY 9.53765-01 9,77956-01

EkTRAPOLATION OF THE FRICTION FACTOR AND COLBURN .ODULUS DATA FOR SIDE S WAS

NECESSARY TO O6TAIN THE ABOVE RESULTS

EX)TRAPOATIiON OF THE FRICTION FACTOR --AND COLDURN MODULUS DATA FOR SIDE R iAS-

NECESSARY TO OdTAIN THE ABOVE RESULTS .... ..

------------------------------

EFFECTIVENESS 9099328-01
--- -- AVERAGE* TOTAL CO;DUCTANCE (UA) .... 1. 2968+02



S, OUTPUT DATA FOR TIME T-HETA = -..3530-02 - -

'_ "'--T- ....------- ~

S SIDE R SIDE
- - j-10 0 0

MASSFLOn RATE -- S- .20000+01 14
0 0 0 0 2

..... . -ET- -ATU- 5.597'00+02 . 5.04700+ 02
S IOUTLET TEPERATURE 5:20243+02 5.58561+02

5,60689-03 7,33544-01
PRESSURE DROP ___ 504000+03 .... .778000+02

..--- INLET PRESSURE 5,03999+03 7,77266+02 ______
OUTLET PRESSURE_ ...... -..... .. ..

370342-01. lo04506+02
AVERAGE REYNOLUS NUMBER 7L2--O 1,044600

VERAGL HE AT- T rASFERCOEFFEET 421736-1 9:77970-01
AVERAGE HEAT-TRANSFER SURFACE EFFIICY 9.53736-0. 9,77970"01 __

-EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDES WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

-EXTRAPOLATION OF THE FRICTION FACTOR AND COLBUR MODULUS- ATA FORIDERWA,

NECESSARY TO OdTAIN THE ABOVE RESULTS .. ----

-------------------------------------------------

EFFECTIVENESS 9,79300-01 .

AVE-AGE TOTAL CONDUCTANCE (UA) 1.32927+02



-OUTPUT- DATA- FOR- TIMETHETA- . 02'9 1[-02 

S SIDE R SIDE

MASS FLO; RATE . . 53 120000+01 .~ 14000 02

INLET TEMPERATURE 559700+02 5.04700402

OUTLET TEMPERATURE 5.20162+02 5.57651 02

PRESSURE DROP 5.72579-03 7.31625-01

- INLET PRESSURE .-. -- 5.O0000+-03 7,78000+02

OUTLET PRESSURE 5.03999+03 7.77268+02

AVERAGE REYNOLOS IIUMBER 3. G4491-01 1,04927+02

AVERAGE HEAT-TR ANSFER COEFFICIENT ....... 4-21552+-0165 6.58028+00 .O

AVERAGE HEAT-TiANSFER SURFACE EFFICIENCY 9.53708-01 9.7798401

EXTRAPOLATION OF THE FRICTIOI FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTIO -FACTOR AND--COLBURN MODULUS DATA FOR SIDE R WAS

NECESSARY TO Oo TAIN THE ABOVE RESULTS

------------------ - ---

EFFECT I VENESS 9.62749-01
AVERAGE TOTA CONDUCTAfCE (UA) . 1.328O8+02
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so OUTPUT DATA FOR TIME THETA 6,69572-02

S SIDE R SIDE
-i

------ -------
MASS FLOW RATE 320000+01 1.14000+02-

INLET TEMPERATURE 5*59700+02 5,04700+02

OUTLET TEMPERATUIRE 5.20009+02 5.56885+02

PRESSURE DROP 5.84420-03 - .29689-01

INLET PRESSURE 5,04000+03 7.78000+02 .

OUTLET PRESSURE 5,03999+03 7.77270+02
------------ 7---

AVERAGE REYNOLDS NUBSER 3159190-01 1.05042+02

AVERAGE HEAT-TRANSFER COEFFICIENT 4.21814+01 6.57634+00

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY__ 9.53681-01_ 9 77997-01._

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN -IOOULUS DATA FOR SIDE S WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

EXTRAPOLAT-ION -OF THE FRICTI0N- FACTOR A ND- C OL-BURN MODULUS DATA-FOR -SIDE R-WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS: -

,------------------------------- ---------

EFFECTIVENESS . 9.48811-01
AVERAGE TOTAL CONDUCTANCE (UA) 1032851+0 2



.............. .........
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OUTPOT DT-F -TIMETHETA
-  366 7 3 02

S SIDE R SIDE

MASS FLOV RATE 3020000+01 j,140004 02

5.59700+:02 5-0 47 0 0 0 2

INLET TEL:PERAiTLRE 5.19789+02 5.5 6 2 2 9 + 0 2

OUTLET TEMPERATURE

PRSSUR DROP 595838-03 727799-01
LPRESSURE DROP 504000+03 7o78000+02

OUTLET PRESSURE 5.03999+03 7,77272 + 02

OUTLET PRESSURL

AVERAGE REYNOLDS NUMBER. 3o54356-01 1,05151+02

- AVERAGE HEATTRANSFER COEFFICIENT I2206"+0i 657261+ 0 0

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9,53655-01 9,78009~01

EXTRAPOLATION OF THE FRICTIO N FACTOR AND COLBUR.I MODULUS 
DATA FOR 'SIDE S WAS

NECESSARY TO OBTAINJ THE ABOVE RESULTS

EXTRAPOLATIO OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE 
R WAS

__ ECESSARY TO OdTAIN THE_ABOVE RESULTS ------

-------- --------------------------------------- ----------

EFFECTIVENESS 9o35890-01
AVERAGE-TOTAL CO43UCTANCE- (UA) 1'-3281602 ....
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*0 OUTPUT DATA FOR TIME THETA = 8.03792-02 *

S SIDE R SIDE

MASS FLOW RATE-. 3.20000+01 1714000+02

INLET-TEMPERATURE 5.59700+02 5,04700+02

OUTLET TEMPERATURE 5.19512+02 5,55661+02

PRESSURE DROP 6,06628-03 7.25995"01

INLET PRESSURE 5.04000+03 7,78000+02

OUTLET PRESSURE 5.03999+03 7.77274+02

AVERAGE REYNOLDS NUMBER 3e49948-01 1,05253+02

AVERAGE HEAT-TRANSFER COEFFICIE:jT 4.22308+01 6,56912+00

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9.53630-01 9.78020-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS.DATA FOR SIDE S VWAS

NECESSARY TO OoTAIN THE ABOVE RESULTS

EXTRAPOLAT ION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE R WAS

NECESSARY TO ObTAIN THE ABOVE RESULTS

-------------- ----------------------------

EFFECTIVENESS .. 9.26570-01-
AVERAGE TOTAL CONDUCTANCE (UA) 1.32784+02
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______ -- ...-. - ----- - - - - - - I -- -

h--OUTPUT-DATAFOR-T IME- TETA-- - 870929-02 '

S SIDE R SID _

MASS FLO RATE 320000-01 1,00002

........ T R 559700+02 5.04700+02
INUTLE TE4PERATURE 5.19190+02 5.55165'0 2

OUTLET TEM;PERATUE ---

PRESSURE DROP 6.16699-03 7,24298-01
LET PRESSURE 504000+03 7,7800002

OUTILET PRESSURE "_5.03999+03 . 7.77276+02
OUTLET PRESSURE --- 776

AVERAGE RETY.OLDS NUMBER _3045932-01 1,053t49+02
AVER~GE REYNGOLS NIUM!BER ...------- i... 4 +05687+ 00
Ar-R-AGE E1AT TRANSFER COEFFIC I ET 94-536701 675650870 0

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9o53607-01 9,78031-01

EXTRAPOLATION OJF THE FRICTION FACTOR AND COLBURN MODULUS 
DATA FOR SIDE S WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS ----

EXTRAPOLATIOIN OF THE FRICTIONt' FACTOR AND COLBURN MODULUS 
DATA FOR SIDE RWAS-

NECESSARY TO OdTAIN THE AeOVE RESULTS 
.

--------- - ------------------------- ---------

EFFECTIVENESS 9.17546-01

AEAGE ------TOAL CONOUCTANCE (U A)- 1 32754+02



-- OUTPUT DATA FOR TIME THETA 9030081-02 e

S SIDE R SIDE

. .MASS FLOWRATE 3.20000+0 1-1 i00 0 02

INLET TEMPERATURE 5-59700+02-- 5. 04700+02
OUTLET TEMPERATURE 5.188401.02 5o54728+02

PRESSURE DRCP 6.26030-03 7o22718-01
INLET PRESSURE 5.040 00+03 7.78000+02
O_UTLET - PRESSURE 5. 03999+03 _-. . 7077277+O02

AVERAGE REYNOLOS NUMBER 3.42281-01_ 1.05438+02
AVERAGE HEAT-T RANSER COEFFICIENT 227L7+1 6-,5628500
AVERAGE HEAT-TRAiNSFER SURFACE EFFICIENCY .. 9 53586-0 1 9,78041V 01

EXTRAPOL.ATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE SWAS
NECESSARY T O0TAIN THE ABOVE. PESULTS

- EXTRAPOLATION OF THE FRICTIOII FACTOR AND COLBURN MODULUS DATA FOR" SIDE- R WAS
NECESSARY TO OuTAI? TrHE AeOVE RESULTS

------------------------------------------

EFFECT I VENESS 9.09593-01
AVERAGE TOTAL -CO'NDUCTANCE (UA) 1.32726+02



s sIDE R SID-

--- ASS- FLOe;RATE 320000+01 . 11000+02

-I NLET TEr.:PERATURE 55,59700+02 . 04700+02.

OUTLET TEMIPERATURE 5.18586+02 5.54295+02

PRESSURE DROP 6.35152-03 7.21037-01

INLET PRESSURE 5.04000+03 7.78000+02

OUTLET PRESSU r- 5.03999+03 7.7727902

AVERAGE REYNOLDS NUMBER 3o38441-01 1e05533+02

AVEd'-iGE-hECAT-TrANS FE R C-OEFF IcIE~ T-- 4.-23050 i . 6, 55966+00

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9.53554-01 978051"0 1

E -XTRAPOLATIOi 1 OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

E-TRAPO-AT Ii OF THE -FRICTIRCT FACTOR-- ANO COLBURN MODULUS DATA FOR SIDE R AS

NECESSARY TO OdTAIN THE ABOVE RESULTS . ..

-----------------------------------------

EFFECTIVENESS 9901721-01

AVERAGE TOTAL CONDUCTANCE (UA) 1.32703+02
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60- ---- _-___- _ _-____-____ _I

* OUTPUT DATA FOR TIME THETA I.0971-01 . .

s SIDE rL&1.

SASS FLO -RTE 320000+oi0 j. .00

INLET TEF:PERATUJREC 5.59700+02 -5.07 ",
OUTLET TEMPERATURE 5.17784+02 53n 02

PRESSURE DROP 6.45154-03 7.19106-01
INLET PRESSURE . . 504000+03 7..7800CI
OUTLET PRESSURE 5.03999+03 7.77281402

AVERAGE REYNOLUS NUMBER 3.345086-01 1.0561(
AVERAGE EAT-Tt ANSFER COEFFICIIENT 4.23-66i01 6,55601 o-
AVERAGE HEAT-TRtANSFER SURFACE EFFICIENCY 9.53513-01 9.78063-01 .

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OuTAIN THE ABOVE RE_SULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBUR-I MODULUS DATA FOR SIDE R A

NECESSARY TO _OpTAIN _THE ABOVE _RESULTS

--------- -----------------------

EFFECT I VENESS 8.93178-01
AVERAGE TOTAL CONDUCTANCE (UA) 1.32681+02
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- ,--OUTPUT DATA FOR "TIME 'THETA- "--- 1l20971- 
0 1 

- -

S SIDE R SIDE

SS FLO -RATE -  320000+01 114000+02

I.LET T 2PERATURE 0559700+02 50700+02
OUTLET TEMPERAMURE 5.17200+02 5053383+02

PRESSURE DROP 6.55751-03 7.17298-01

INLET PRESSURE ... 50. --- 504000+03 7.78000+02

OUTLET PRESSURE 5.399
9 + 0 3 . 77728

3 + 0 2

AVERAGE REYNOLS IUMBER 3o3 0074-0 1_ 1C05745+02

A-VE AGE-HEAT-TANS0ER --COEFFIC IE-T - -23725-0 5--5 6055253+0 0

AVERAGE HEAT-TKANSFER SURF ACE EFFICIENCY 9,53486-01 9.78074-.01

EXTRAPOLATIOr-OF THE FRICTION FACTOR AND COLBURN MODULUS- DATA FOR SIDE 5 ,AS

NECESSARY TO OBTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTIOmi FACTOR AND COLBURN MODULUS DATA FOR SIDE R WAS-- ------

NECESSARY TO OdTAIN THE ABOVE RESULTS -

-- -------------------------------

EFFECTIVENESS 8.85153-01

AVERAGE TOTAL CONDUCTANCE (UA) 1.365-0+02
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S SIDE R SIDE

- - ------- ------- -

ASS-FLOW RATE -.. --. 3.20000+01 T14ooo2

INLET TE-PERATURE 559700+02 5.047 0 0 + 0 2

OUTLET TEMPERATURE 5.16675+02 5.52997 + 0 2

PRESSURE DROP .6o65600-03 7,15706-01
IES SRE RE . ------------- 5.00 00+03 707800+02
TINLET PRESSURE- 5.03999+03 7.77284-02

OUTLET PRESSUR. 5o5999+03......... 77728402

AVERAGE. REYNOLDS MU:4BER ::3,26597-01 . 1,058374020

AVERAGE HEAT-TRtANSFER COEFFICIENT 4.23918E+01 6549 4 4 + 0o

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY.. 95346701 978084"0

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS 
DATA"FOR SIDE S WAS

NECESSARY TO OTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE R WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS .... .. -. -...... --...

----------------------------- Ceeeeeee--e-

EFFLCTIVENESS *o78129-01

-- AVERA-GE--TOTAL CONDUCTANC- (UA) - 1.32620+02
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SOUTPUT DATA'OfR TIM ETHETA- - - 1097 -01

. ............ -t'- .... . - ~ - -~ - - . . . .. . . ..... L. . .

S SIDE R SIDE

MASS F:LO RATE 3 .20000+01 -11i4000+02

INLET TErPERATURE -- -5.59700+02 5.04700+02
OUTLET TENPERATURE 5016206+02 5.52662+02

PRESSURE DROP 6.74354-03 7,14309-01

INLET PRESSURE .. 5.0000+053 7.78000+02

OUTLET PRESSURE 5.03999+03 7.77286+02

AVERAGE REYNOLDS JNUM4BER 3,23587-01 1,05918+02

A A.JAECY 4.240Y+017 6.54673+06
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9,53450-01 - 9.78093-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OtTAIN THE ABOVE RESULTS

EXTRAPOLATI ONrOF- E FRICTION FACTOR ANO COLBURN MODUIUS DATA FOR SIDE R WAS

NECESSARY TO OTAIN THE ABOVE RESULTS

------------------- ooooo-

EFFECTIVENESS 8,72031-01
- AVERAGE TOTAL CONDUCTANCE (UA) 1,32592+02
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* ouTPUT D VA FOR TIME *THETA " 50971 01 o

S SIDE R SID_

MASS FLO' RATE 30.20000+01 14000 02

INLET TE14PERATURE 5o47597000+02 . 5.04700+02

OUTLET TEMPERATURE 5.15791+02 5.52370+ 02

PRESSURE DROP 6,82113-03 7,13086-01

OUTINLET PRESSURE 5,03999+03 ,7728700+02
5oPRESSR-5 03999+0 3 ----- 72-7-0 2 .

AVERAGE REYNOL)S NUMBER 3a20978-01 1.05988
+ 02,

AVERAGE-HEAT-TRANSFER COEFFICIENT 4I24217+01 6.5443500
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9.53436-01 .9.78101-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN M.ODULUS DATA FOR SIDE S WAS

NECESSARY TO ObTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE R-AS

NECESSARY_TO 6TAIN _THE ABOVE_RESULTS

AE--------------E TL -1. +

EFFECTT VENESS .8.66726-01 . .

SAVERAGE TOTAL CONDUCTANCE ( UA) 1 0 3 2568+02



. -OUTPUT-DATA-FOR- TIM THETA-- 1. I760 92- 01

S SIDE R SIDE

MASS FCOWi RATE 31o20000+01 14000*02
-5---..59700+02 .. .50470002

I8ET TEMPERATURE 5 852+02 5,5187100+02
OUTLET TEMPERATURE

PRESSURE OROP _6.92676-03 7.10588-01
TPRESSURE O5.0'000+03 7.78000+02

INLET PRESSURE 50399903 7.77289+0.2 . .---.

OUTLET PRESSURE - ----- -.

AVERAGE REYNOLOS NUMBER 3.15694-01 1.06128+02

AVERkAGE-- HEAT-TPAt4SFER COEFFICIEIT ,250350 6-53969 0-__

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9,53348-01 9,78116-01

EXTRAPOLATION-OF THE FRICTION FACTOR AND COLBURN MODULUS-DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

EXTRAPOLATION OF -THE FRICTION FACTOR AND --COLBURN MODULUS DATA FOR SIDE-R WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

------------------------ ---------------- -

EFFECTIVE NESS . 857650-01 _

AVENAGE TOTAL CONDUCTANCE (UA) - 32566+ 02
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* OUTPUT DATA FOR TIME THETA 2.0327901 *

S SIDE R SIDE

MASS FLOW RATE -- ;20000+01 1.14000+02

. . INLET TEmPERATUR-- 55970002 5.04700+02

OUTLET TEMPERATURE 5.14139+02 5,51413+02

PRESSURE DROP 7.06827-03 7.08568-01
INLPRESSUT PRE SRE -.. 5---o04000+03 7.,78000+02

OUTLET PRESSURE------ 5,03999+03 7.77291402

AVERAGE REYNOLOS NUMBER 3.11427-01 I.062L6+02

AVE AGE HEAT-TRANSFER COEFFICIE:JT 4.25259+01 6.53575+00

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9*.. -.o53330-01 .. _ 97812901

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULOS DATA FOR SIDE 
S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLbBURN MODULUS DATA FOR SIDE R WAb

NECESSARYTO__ObTAIN THE ABOVE RESULTS __ _ _ -- __

-------------- ------------ --------------

EFFECTIVENESS 8,49333-01

-- AVERAGE TOTAL CONDUCTANCE (UA) 1.32521+02



67

. ............ •..................................... .

S SIDE R SIDE

MASSYFLOF RATE .... 020000+01 1-114 0 0 0 + 0 2

INLET TEtPERATURE 5- . 59700+02 --... 5'0 47
0 0 +0 2

OUTLET TEMPERATURE 5e13585+02 __ 551.053+02

PRESSURE DROP 7o18317-03 7.06980-01

- - INLET PRESSURE . 5.04000+03 .. . 7O780002

OUTLET PRESSURE 503999+ 0 3 
... 777293+02

AVERAGE REYNOLDS NUMIBER 3O08111-01 1,06 3 39+ 02

AVEAGEI ET-TrANSFER COEFFIC1 E,T 4; 25389+0F 6e5 3 265 + 0 0

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9.53317-01 9 078139-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ADOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN M-ODULUS DATA FOR SIDE R 'AS

NECESSARY TO ObTAIN THE ABOVE RESULTS ._

---------------- -- - - --

EFFECTIVENESS 8o02785-01
_ ---- AVERAGE TOTAL-CONDUCTANCE (UA) 1.32486+02
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so OUTPUT DATA FOR TItE THETA E 2-6S 79-01

5 SIDE R SIDE

---- MASS FLOW RATE- 
3o20000+1O f~14000+02

INLET TEmPERATURE 5159700+02 5508080+02
OUTLET TEMPERATURE 

5©l320202

7.27095-03 7.05908-01
PRESSURE DROP 504000+03 78000+02

-INLET PRESSURE 5.03999+03 7,77294+02
OUTLET PRESSURE

AVERAGE REYNOLDS NUMBER 3-05907-01 1d0G399_ _

AVERAGE HEAT-TRANSF ER COEFF ICIENT . '25394+01 -6-530650

AVERAGE HEAT-TRANSFER. SURFACE EFFICIENCY
' 9. .. 53317.0 _ .........._ 0

1

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN HODULUS DATA FOR SIDE R A

NECESSARY _TO_ObTAIN_THE ABOVE RESULTS - -

-------------- -------------------------------

EFFECTIVENESS 8.o5420-01

AVERAGE TOTAL CONDUCTANCE (UA) 1.32457+02

S- _-- -----. - I



AS FCO------------- RATE- ---- 20000+0 i14O0 0 0 0 2

INLET TEKPERATURE - 5,59700+02 .504
7 0 0 0 2

OUTLET TEMPERATURE 5.12931+02 5*50619+02

PRESSURE DROP _ 7.33308-03 7,05105-01

-- INLET PESSURE -00000. 7780001.02

OUTLET PRESSURE 5.03999+03 7o77295.02

AVERAGE REYNOLDS NUMBER 3. Oit2'5-1 10 l64 149 +02

-VER-AGE HEAT-TRANSFER COF'"FICIEi '25--36+O--1 6 52902 O0

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 953312-01 9,78150"01

EXTRAPOLATION OF THE FRiCTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS'

NECESSARY TO 0STAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE FRICTION FACTOR AND-COL.BURN MODULUS DATA 
FOR SIDE R- WAS

NECESSARY TO ObTAIN THE ABOVE RESULTS

--- --------- --- ----------------------------------------

EF .ECTIVENESS 8.50337-01

- -;AGE TOTAL CONOUCTANCE (UAY 103L 436+02
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SOUTPUT DATA FOR TIM- THETA 3 " 23279-

S SIDE R SIDE

. MASS FLOW RATE 3o20000+01 1o14000+02

INLET TEMPERATURE -... . 59700+02 5. 04700+02

OUTLET TEMPERATURE 5.12745+02 5,50500+02

PRESSURE DROP 7,37744-03 7.04595-01

I NLET PRESSURE 5. q000-03 .7o78000402

OUTLET PRESSURE 5.0399903 7.7729502

AVERAGE REYNOLDS NUMBER 3.03211-01 1.06476+02

AVERAGE HEAT-TRANSFER COEFFICIENT 4.25424+01 6.52811+00

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY . .... __953314-.01 9 -.7815301 .. __

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

EXTRAPOLATION OF THE-FRICTION FACTOR AND COLBU-RN ODULUS DATA FOR SIDE R WA

NECESSARY TO-OBTAIN THE ABOVE_ RESULTS . _---

-- - - - - ----------------------- ------------

EFFECTIVENESS 8.53721-01
AVERAGE TOTAL CONDUCTANCE (UA) 1.32421+02
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Example 2 - Crossflow Wet-Gas Excha~ger

Problem Statement

This case involves an exchanger in which a humid airstream

(designated as the r fluid) is being cooled and dehumidified by a dry

airstream (designated as the s fluid). The pertinent specifications

for both sides of the exchanger are given in Table II along with the

core dimensions.

The situation to be considered is the following: While the

heat exchanger is operating at steady state, the flow rate and inlet

temperature and humidity of the humid airstream increases over a time

interval of 10- 4 hr from the initial to the final values given in Table

II. The problem is to determine the transient performance over a total

time interval of 0.0045 hr resulting from these changes.

Preparation of Input Data

The completed data-input sheets are shown on pages 73

through 74 . These contain all the necessary data except those stored

on the matrix-data tape. Some of the input data have already been in-

dicated; the remainder arise from the following considerations:

1. The total time interval to be investigated is divided into

two time periods, the first 5 x 10-4 hr in length and the

second 4 x 10-3 hr. The first period (0.0.:z < 5 x 10- )

is subdivided into 5 increments to give a nominal time-step

size of 10 hr; the second (5 x 10-40' 4.5 x 10-) is

subdivided into 20 increments giving a nominal value of

= 2 x 10 4 hr. The nominal value of AO is to

be used in the calculations for each period provided it

falls within the calculated minimum and maximum values.

2. The parting-plate thickness is 0.001667 ft (0.020 in) and

the thickness of the side walls is 0.00834 ft (0.10 in).

3. The fluid property-data for the dry air and the vapor

component (water) are given in Tables 7, 91, and 92 of

Reference 3.
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Results of Analysis

The printed computer output data for this case are 
given on

pages 75 through 112. The input data specified to the program are printed

on the first six pages. These are followed by thirty-two pages of output

containing the results of the calculations. The pertinent results are

also given in Figure 2, which shows the transient variation of the inlet

and outlet temperatures of both fluids and the inlet and outlet humidity

of -he humid airstream (r fluid).



NORTHERN RESEARCH AND ENGIIEERING CORPORATION "1

DATA INPUT SHEET

: MP PROJECT Analysis of HX Transients PROJECT NO, 1135B

TITL I Sample to Illustrate the Use of Program KRONOS SHEET: I OC 2

LOCATION

IlTItia 4o V, 84 V

SAMPLE TRANSIENT NALYSIS OF CROSSFLOW IET-GAS EXCHNGER

$NAM3

NFL0=1, NPC=2, NXPPIN=5, NYPIN=IO,

RHUmIT= l, GC=4.169E8, _

ELX=I1, ELY=.75, ELNF=.896,

PP=.001667, DENSMP=168, CPMP=.213,

SI L=.00834, SWT=.00834, DENSMW=168, CPMW=.213,

PINS=4240, NCORES=4013 RHINS=O,

SPLS=.00166 , CONDMS=100, DENSMS=168, CPMS=-.213,

ICOMPS=1, ZS=I, GASKS=53.3, NTFPS=2,

TFPS(1)=400 600, CPXS(1)=.24 2,.2408, VISXS )=.0 521,.04818,

THKXS(1)=.O 153,.01662,
I - I I , _ _ _

PI1R=2120, NCORER=3002 RHINR=O,

SPLR=.00166 , CONDMR=100, DENSMR=168, CPMR=.213,

KPHR=3,

ZG=I, GASKG=53.3, EWG=28.96, NTFPG=2,

TFPG(i)=400 600, CPXG(1)=.24 2,.2408, VISXG 1)=.03521,.04818,

THKXG(1)=.0 153,.01662,

ZV=), GASKV=85.9, EMWV=18.02, NTSAT=5, NTFPV=3,
TSATX( 50I

TSATX(l)=50s .7,519.7,53 7,559.7,57.7,
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

ENGINEER: MP PROJECT' Analysis of HX Transients PRO'ECT NO 1135B

TITLE' Sample to Illustrate the Use of Program KRONOS SHEET: 2 GF 2

LOCATION

,; 19 ;0 94 0 wN U 4 a AF, 4 0 . .. ... e] C4 c? 7o i

PSATX (1)=2 .69,362,197, 12,136.9,2 .'.2,

HFGSTX(1)= 66,10 60,10 9,1037,1026,1 1 _ -- '

TFPV(I)=500, 550,600, PXV ()=. 3615,.3983, .435 ,

Visxv(I)=. 346,.02550,.02791, THKXV(1)=.00 368,.01048, 01175,

INC=2,

NPER=2, THPER(1)=0.0005,'0.004, NDTH(1)=5,20, ITHC(1)= ,1,

IMS=2, NMS=I, THWS(~l)o, 'SX(1)=5280,

ITS-2, NTS=I, THTS(1)=O, TINSX(1)=509.7,
_ I I , I _

IMR=2, NMR=3, THWR(1)=0,1. E-4,25.OE-4,

WRX(1)=1854, 1908,1908,

ITR=2, NTR=3, THTR(1)=0,1.0E-4,25.0E-4,
_ _I 1 I_

TINRX(1)=5575.7,5 74.7,

IOM=2, NOM=3, THOM(I)=O,1.0E-4,25.0E -4,

OMX (1)=.03,.036,.06,

$END

____________I aA



... PROGRAm. KRONOS . REICTION .OF THERI.IAL .TRANSIENTS. IN COMPACTHEAT.-EXCHANGE
i S -

SAMPLE TRANSIENT ANALYSIS OF A CROSSFLOW WETGAS EXCHANGER

-. :.. L E_ LEI-__NP_.UT'.DA-TA ~

THE -FLOW _AANGEFE4NYT_.I.S.. MULTI PASS_ CROSSFLOW
NUMBER 01: PASSES = 2

),.EJER. OF CALCULATION INiCREM.IENTS PER PASS IN X.DO IRECTION =. 5_

.JMBER OF CALCULATION IIJCREMENIS PER PASS IN Y DIRECTIOI 10

PROPORTIONALITY FACTOR FOR HYDRAULIC RADIUS = 1 00000+00/

0-.0 . N .PRO.O± . 0_ ALT NS T.T O NSTL_. 4 16 9 00+08

C -CORE_D I MENS IONS . _

-- ---- _ __ LENGTt _I LXDI RECT I ON 1 00000.+O___0__
LENGTH INI Y DIRECTION = 7.50000-01

NONFLOW LENGTH = 8.96000-01

- PARTING-PLATE SPECIFICATIONS *

THICKNESS OF THE PLATE = 1.66700-03
DENSITY OF THE METAL = 1.68000+02

HEAT CAPACITY OF THE METAL _ 2.13000-01

• SIDE-WALL SPECIFICATIONS *

_WALL THICKNESS PARALLEL TO THE PARTING PLATES = 8.34000-03

WALL THlICKhESS NORMAL TO THE PARTING PLATES : 8.34000-03
DENSITY OF THE METAL - 1.68000+02

-HEAT CAPAC ITY OF TtHE METAL= 2 13000-01



. . " _.................................. ..

.. FLUID INPUT DATA -

_.. . .FLUID S ---......-- -

.. . ..... THE FLUID FLOWS IN- - THE. +Y DIRECTION -

- .SPECIFICATIONS OF THE ASSOCIATED MATRIX

MATRIJX IDETIFICATION NUBER._ 41 3

THE _VALU -OF.HYDRAULIC RADIUS. OBTAINED. FRO.M THE MATRIX-DATA TAPE S)SEDINT.-iHE CALCULATIONS

SPLITTER-PLATE THICKNESS = -- 1,66700-03 - --

. ETAL THERMAL CONDUCTIVITY = 1,00000+02
SJ- 68E SITY_.= 0 0, 600_0 0 2

METAL HEAT CAPACITY = 2,13000-01

SFLUID PROPERTIES *

THE FLUID IS A GAS

COMPRESSIBILITY FACTOR._ 1.00000+00
GAS CONSTANT - 5.33000401

THERMAL
.. EMPRATURE -- SPECIFIC HEAT -VISCOSITY CONDUCTIVITY

... 000U+02 2.4020001 3.52100-02 115300-02- - -
6 .0o00U+02 . 2.40800-01 4.81800-02 1.66200-02



2THE FLUDFLQ__ HE +X. RECI_ ______ ____

SPECIFICATIONs . THE.. ASSOCIATED .MATRI X------ --

MATRIX IDENTIFICATION NUt3ER 3002

T. E VALUE OF HYDRAULIC RAUI0S 0OTAE D FROM THE MATRIX-DATA TAPE IS USED IN THE CALCULATIONS

SPLITTER-PLATE THICKNESS 1,66700-03
.ETAL T.EAL COOUCTIVITY = 1,00q00+.02

_________-- -- -- - ---- __ ~ ~ __ ~ _-~----

METAL DE14SITY 1,68000+024METAL H.EAT CAPACITY =: ____ _2_ 13000-01

SF LUID PMOER T ESS

_I--C-- -.----- - ---------------- ICLO ---- L --- LS~---

GAS COMPONENT

COMPRESSIBILITY FACTOR = 1.00000+00 ..
SGAS CONSTANT = 5.33000+01

MOLECULAR WEIGHT 2,89600+01

THERMAL-------- -HAL

TEMP-RATURE __SPECIFIC _HEAT VISCOSITY CONDUCTIVITY

4,,0000+02 2.40200-01 3.52100-02 1.15300-02 __ ___

6,0OUU0+02 2.40800-01 - 4,81800-02 1,66200"02

..... ...... ........... VAPOR COMPONENT ..

COMPRESSIBILITY FACTOR = _ _100000+00

GAS CONSTANT = 8.59000+01



7 8 ' . ." ....-.. ... .

SSATURATION ... - - .... . . .... - TILAT~f - --- -

T EMPERATURE PRESSURE VAPORIZATION

~~..~~~-- ... -KA ~ l .... ........ " o6 oo

S b.,09700+
0 2  2,56900+01 106600403

5. 19700+02_. j.69700+
0 1 1,06000+03....... - -..

...... .. ,39700+02 . 7.31200+01 104900403

Sb,59700 
0 2 

... 1,36900+02 1,03700+03 ........

.- ..--.-.. .- b,79700+02 2 44200+02 .1 02600+03

-.... ....... _ • .. .. ..- -. THERMAL .

E-PAiRE SPECIFIC iEAT VISCOSITY CONDUCTIVITY

.-..-..------ -- 5-000U+02 3.61500-01 2.34600-02 .- 9,368000-3

5_____ 500ou0 2 _.__ 9.8Q- OL..... 2. 5500.Q .02 ... ,,.04 80p_- 026,O0U+02 4,35100-01 2-71910002 1,17500-02

---------------- ~ ~-- _ ~ - -- - -------- -------
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- ., -... L--..I-...............----------L _ __ L __---L---- -_^ -- C

* TIME-RELATED INPUT DATA **

TH I1NITIAL COND TIONS CORESPOND TO THE STEADY STATE

THlE Tr ANSIENT INVESTIGATION IS DIVIDED INTO 2 TIME PERIODS

NOMINAL
NUMBER OF

__ TIE rPER 1OD_._ LE4GTH ... IEJ CRMENT T____OPI"._ON___

_ _ __0 o.-4 ._ 5 0_. __
2 4,00000-03 20

NtTE _-OPTIPON 0 IJDICATESTHE SIZE OF THE TIME INCREMENT .
CORRESPONDS TO THE NOMINAL NUM4JER OF INCREMENTS

OPTION 1 INDICATES THE SIZE OF THE TIME INCREMENT
CORRESPONDS TO ..THENQ I NL .. NUMBE. OF _ICREMENTS _ BUT _

IT IS BOUINDED BY CALCULATED MAXIMUM AND MINIiiMU VALUES

OPTION 2 INDICATES THE SIZE OF THE TIME INCFEMEFNT
CORRESPONDS TO THE AVERAGE OF THE CALCULATED MAXIMUM

AND lNINIUtM VALUES

_* FLUID S **

TIME MASS FLOW RATE

0.00000 5,28000+03

TIME INLET TEtoPERATU_'-

0,00000 5.09700+02
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.......... o FLUID R !

TIME MASS FLOW RATE
----------- -------o----

100000- .. ... -.. . 1,9o800+03.........................

2,50000-03 1o90800+03

-- -- - -- - - - .--. TME . -. - .-

TIME INLET TEMPERATURE

0.... .00000 5 o oo 597o0+02

1.00 0 0-04 
___ co+02___ -_

2.50000-03 . 5,74700+02

TIME INLET ABSOLUTE HUMIDITY

S00000 
_.__00_00

1.00000-0 600000-02

2,50000-03 690000002

4--..



.......... . OUTPUT DATA FOR TIME THETA 0.00000

._N1TIAL .CONDITLONS "

S SIDE R SID..........

MASS FLOW RATE _ .,28000+03 1.85400+0

INLET TE,;PERATURE ..... .. .5 .. 0.59

OUTLET TEMiHERATURE 5o37985+02 5o32328+02

....LE..... .. -- 3.00000 02
----- INLET HUMIDITY-- 1.7462702OUTLET. HUMI1DITY. .- ,- .,.. 7

PRESSURE DROP - 4t7342900...- -- 4 -- ---- 80269+00

INLET PRESSURE 4,24000+03 2,12000+03

OUTLET. PRESSUR- ....--- 5 -------- _3520-- -- 
" 520.--

AVERAGE REYNOL)S NUMBER 5,34803+03 ... 4117 03

AVERAGL HEAT-TR ANSFER COEFFICIENT 5.84460+01 7.78741+00

AVERAGE HEAT-TKtA;NSFER SURFACE. EFFICIENCY 9 .. 11.9.130---1 990994 - 01-

---- - ------- ------------- ---- ---- ---------

EFFLCTIVEtNESS. 5,65696-01 _
. .... AVERIAGE TOTAL CONiDUCTANCE (UA) 8.00302+02

-... OEW POIN F--OR- FLUID R 5.48699+02 .

TOTAL HEAT TRANSFER RATE 3.64891+04
PERCEn4T ERROR IN HEAT BALANCE 3.07569+00



___ ._UTUT OF__THErRANS IENT - ANALYSIS . ......

.. . .- GENEAL OpUTUT DATA -- -.....

T.ANU- ON THE S SIDE
NUNBEu 4013 (LOUVEEU TRIANGULAR, SFL/EL 62.5 AF/A 0.800 ) ON THE R SIDE_
. u_ i3ER. . 3002 (_. TRI.AiGULAR_ LRA.__ = _43_2-

._S_SI DE_ 
_____RS

-------~- ------ ~

HYDRAU . .IC RADIUS 2.04121-03 2.40809-03

PLATE SPACING 2.08000-02 207300-02

FI N SPACI NG 5.58000-03 6,99000-03

__ I:N T HICKN:.SS_ _ 5000000 5,00000-0

SVOID VOLUX- 2.78658-01 2,87574-01

TOTAL HEAT-TRANSFER AREA 1.33099+02 1.16430+02

-------------------------------- -------------------------------

coRE v oLO4 ---- 6.72000-01
CORE WEIGHT (DRY) 178331+01
HLAT CAPACITY OF CORE STRUCTURE 3.79845+00

HEAT CAPACITY OF SIUE WALL ... .
. . IN CONTACT ,ITH FLUID S 5,21118-01

HEAT CAPACITY OF SIDE WALL _ ___ _

IN CONTACT WITH FLUID R 5,11699-01
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-- - - S- __ .SIDE 0 R S IO-

MASS FLOW RATE 
5.28000+03 1o85463+03

INLET TE,-PERATuR- 5,09700+02 5,59875+02
ULE TEMPERATU IuR - -- S- -o3 - -___ _ __ 5866+02 5,32579102 -.OUTLET TEMPERA U E 5.-5 2

.INLET ._HU II _TY_--- --- 
1, 76205-02

OUTLET HUMIDITY 

o 7620502

PRESSURE DROP- 4.69507+00 4,80584+00
INLET PRESSURE ..-.. 4,24.000-+03_ 2.12000+03

OUTLET PRESSURE 4.23530+03 2o11519+03

--------- ---------- -------------- ------ ---AVERAGE E -DS ER  F5,,84392 01 _7,'79036+00
AVERAGE HEAT-TA

f S F E R SUFAEFFICIEN01 
990990"0

L.=L-_--:----- L --_.. ..

EFF CT IVENESS 5.,4 010-01

._. AVERAGE TOTAL CONDUCTANCE (UA) 89,_0.05_60+02

.EW POINT FOR FLUID R 5.49051+02



OUTPUT DATA FOR TIME THETA 2.48500-06 e
_ . . .. .... .. ... . .. .. . . ..- -.- -----.

MASS FLOW HATE 5.28000+03 i85534 03

INLET TEIMP ER-ATURE." 5.09700+02 5,60073
+ 02

SO.UT LET TEMPERATURE . _5, 37.06+ 02 . 5,3271 + 02

INLET HUMIDITY "-_.--_ 5 502...
OUTLET HUMIDITY -- • 77149-0

PRESSURE DROP 4.72912+00 4,80994+00

INLET PRESSURE 2 42000+03 . 2,12000+03...

OUTLET PRESSURe- 4.23527+03 2.115194 03

AVERAGE REY1OLOS NU.IBER 5.34867+03 1.41169+03

AVERAGE HEAT-TrANSFER COEFFICIENT . . .._.__ 5.84425+01 . _7.79263+00

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9.41133-01 9.90527-01

- ----------------------------------------------

EFFLCTIVE NESS 5,55972-01

AVERAGE TOTAL CODUCTANCE (UA) ... 8.00438+02

DEW POINT FOR FLUID R 5.49444+02



...............

OUTPUT DATA FOR TIME THETA 4o8955-06 e

5 SIDE_ R SDK._

.ASS- FLOW A' 5.28000+03 185621 03

INL. tET TEMPERATURE 509700 02 5.60313+02

OUTLET. TEMPERA FURE -5 __ 4 5 _-tO+02 5 328 18 _02

--NLET HUMIDITY - - 1226902

OUTLET HUMIDITY 
- 7761OO2

RESURE DROP 4.733+00 48137900_ __________________ 92 O+ 03 _ 2,1200003 ........

................-- --.- 5Q42+3 j290

RINLET PRES RE 52000+03 00+03

. OUTLET PRESSURL 4.23526+03 2*11519+03

AVERAGE REYNOL6S 4USMER 5.34825+03 1.41229+0

AVERAGE HEAT-TRANSFER COEFFICIEIT 5 o701 4--7964+00

AVERAGL HEAT-TRANSFER SURFACE EFFICIENCY 9o41131-01 9,90983601--------- -------- --------- -------- --------

EFFtCTIVENESS 5,59957-01

AVERAGE_iTOTALp _PU.CE._UA . 8.00 955-02

DEW POINT FOR FLUID R 5°49916+O _ ___02 _



UT DTA FOR T THETA 1.7413-05

S.SIDE . R SID-E

85 -~' - --- --- ------~' '

MASS FLOW R TE 5.28000+-03 1.86196 + 03

INLET- T MPERATuR-E 5.09700+02 5.61911+02

OUTLET. TE4PERA FUE . 38 88 02 5,32687+02

INLET HUMIDI TY - 4224- 02
OUTLET HU;IDITY - 176907-02

... PRESSURE :DROP 4.,741 +00 L-83668 00

I -LET PRESSURE 4.003 .2,10 3
OUTLET PRESSURE. 

23526+03 2 -1516403

AVERAGE REYNOLLS NU4BER 5.34760O 03 1,41646+03

AVERAGE HEAT-TRANSFER COEFFICIENT -. 58448 4.+010 80620 00....

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9,41128-01 9990960-01

- ---- --- ,----- - --------- ------ .-.-- -- - -..-- - - - -

- - -- - -~-"~- ~- -

EFFL.CTIVE-IESS .5.5978-01
AVERAGE TOTAL CONDUCTANCE UA) 8.02000-02

D. _PO NT FOR FLUI D R S.2 887+02

OUTLT PRS~U c 4o3526OJ ,1156'a



-- .87

----- _-----

OUTPUT DATA FOR TIME THETA 8,70984-05 ,'

.S.._ _ RL _D i.... ......

_ _ _ _ _ _ _ _ _ _ _-_-_- -_- ------ -----L

T .TE0 --TEIPERATURE- 5 9700+02 -5.72765+02

___________595~O 5,3g315----------------- 02. .--- ~"~

O.jTLET. TEPERAT URE 9 __59+02 5,3.315+02

-- .6129502.

IN LET IUTIDI TY ..-- 1.87130-02

OUTLET HUAIDITY 
- 7130-02

PRESSURE DROP 4,i76147 +00 5,00666-00

---INLET PRESSURE - 2494_ 03--- .2,12000+03

OUTLET PRESSUR 4,23524+03 2,11499+03

AVERAGE REYNOLJS NUMBER 5.34312"+03 1.44044 03

. AVERAGE HEAT-TrANSFER COEFFICIET.. 5..84718+01 ._79043700-------

AVERAGE HEAT-TriANSER SURFACE EFFICIENCY 9.41106-01 9,90861-01

EFFL-CTIVE:4ESS .6.09694-01

AVERAGE TOTAL COiDUCTANCE (UA)__ 810930+02

DEW 0 _ -%P'0 M-- ALU -., 5.680954 02
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** OUTPUT DATA FOR TINE THETA 1.87098-04

, ... . .- I- - - --... . . ---?..-

MASS FLO H ATE 5.28000+03 1.90800-03

I14LET TEMPERATURE 5.09700+0 5a74700+02

.OUTLET TEMPERATURE _ .... 5,7310. 53548
9 02

_ INLET. .HUMIDITY _....00000_ 02

OUTLET HU" MIDITY , 94802-02

PRESSURE DROP- 0 4o60362+00 5.0511 00

------- ----------------- - ~' -------- ----- ----- '------- ----'

AVERAGE HEAT-TANSFER COEFFICIENT . 5,8517+0 . .. 9305300

AVERAGE HEAT-TIRANSFER SURFACE EFFICIENCY 9,,1067-01 9,9O831"01

EFFECTIVE .NESS -6.. ... 6.0325-01

AVERAGE TOTAL CONDUCTANCE _UA) 8.1 .3357+02

DEW POINT FOR FLUID R 5.70200+02
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SOUTPUT DATA FOR TIME THETA 287098-04

MASS FLOW RATE 5o280oO+03 1 ,90800-03

INLET TE,,PERATURE 5,09700+02 5,74700+02

OUTLET TEMPERATUKE .. 712+02 5,~6278+02

INLET. tiUtlOIITY - 6L 0000 -
2

INLE- _ 2.0013002
OUTLET HUMIDITY 200130-02

PRSSUE DROP- 4.84029+00 5,06734+00
PRESSURE 42000+03 2,1200O3--

OUTLET PRESSUR 4---23516.-03 2o14 93+03

AVERAGE --FEY-OLOS tU.BER 5.32863+03 1 44232+03

AVERAGE HEAT-TRANSFER COEFFICIENT 5.85546+01 7.93768+00

AVERAGE HEAT-Tt(ArISFER SURFACE EFFICIENCY 94,1030-01 9.90823"01

------------------------------------- - -- ----------- -

EFFCTI-VENESS .5.91102-01
AVERAGE TOTAL CONDUCTANCE (UA) 8.14061+02

DEW POINT FOR FLUID R 5.70200+02



SLOUTPT DTA FOR TIME THETA 3. 8709-0

_____ _. _ 5*28000+03... 1.90800+03

MAS.SS F ...... . .....

0700 504700+02
INLET TE PERATURE 5.255+02 5.17 0 09+~ 2

OUTLET TEMPER
A TURE

INLET HUmIDITY - .------ 0-02

OUTLET- HU.1IIT 
1

- - -- ----- -------- -...----------------------------- 251+00 5,08280+00
..... A.sE. TTA CONUCTAC8 2. o.. o.o

E IPRE SSURE DROP F20000 2 2120_00_03
INLE-T PRESSURE- -__ - , 25 03 21 9200+03OUTLET PRESSUR 

2351303

... "AVE AGE" REO --S -NU,46ER 5.,32210+03 1,44139
+ 03

-- -- -- -- -- -- -- -- -- -- -- -- ----- ----- - - - - - L -
AVERAGE iEAT-TiA N S F E R COEFFICIE T .... " 5,8599-0 1 _. -7-,-9 0 81 + 0 0

-AVE.AGE. HEAT-T ANSFER SURFACE EFFICIENCY 9oq0997-01 9.90615-01

...- EFFtCTIV ESS 5.79864-01

AVERAGE TOTAL CONDUCTANCE (UA) 8.1467.+02

DEW POINT FOR FLUID R 5.70200+02



. . . .. . .- -. . . . . .... . . . . . . . .. . . . . . . . . . .. . .

91

e OUTPUT DATA FOR TIME THETA 4.87098-04 e

SSI_E - __R. SIOD_-

MASS FLOW RATE 5.28000+03 1.90800+03

INLET TE1PERATURE 5,09700+02 5.74700 02

OUTLET TE:-;PERAIURE 5.4i698.+02 5,37712 0.2

INLET HUMIDITY 6. 0000_ 02

OUTLET HUMIDITY 2.10

PRESSURE DROP 4.90081+00 5.09760 00

-- INLET PRESSURE 4.2!4000+0 2. 12000 03

OUTLET PRESSURE 4o23510+03 2,1 190O03

AVERAGE REYNOLJS NUMBER 5.31606+03 1.44056+03

_AVERAGE HEAT-TRANSFER COEFFICIENT.. 5,86253+01 7,94.9 497+ 00.

AVERAGE HEAT-T rANSFER SURFACE EFFICIENCY 9.40966-01 9,90809-01

------------------------------------------------

EFFCT I VENESS 5.73553-01
AVERAGE TOTAL CONDUCTANCE (UA). 8.15229+02

DEW POINT FOR FLUID R . 5.70200+02
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** OUTPUT DATA FOR TIME THETA 587098-04 ,

S SIDE ...... ...... ... R SIDL.
- ---- --- ---

MASS FLOW RATE 5,28000+03 1.90800+03

INLET TEMPERATURE 5.09700+02 5,74700+02
.. OUTLETTEMPERATURE ... 54832602.53838602 .....

INLET HUMIUITY - 6._00 007-2__

OUTLET HUMIGITY -- 2.15019-02

PRESSURE DOROP 4.92570+00 5.11165+00

INLET PRESSURE " 4924000+03_ 2.12000+03

OUTLET PRESSURe 4.23507+03 2.11489+03

AVt RAGE REYNOLDS NUMBER 5.31047+03 1,43982+03
AVERAGE HEAT-TKAN!SFER COEFFICIENT .. 5.86568+01 .. ..',95454+00

AVERAGE HEAT-TiANShER SURFACE EFFICIENCY 9.40937-01 9090803-01

- - ------------ -------

EFFtCTIVENESS 5.94241-01
AVERAGE TOTAL CON DUCTANCE (UA) .. 8.15733+02

DEW POIT FOR FLUID R 5.70200+02
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SsOUTPUT DATA FOR TIME THETA 7.8322"7-04.**

S SIDE _ __R SIDE.

. _-- - ------.- ---- 5 28-000+03 1.90.000

MASS FLOW HATE 
__

INLET T E-E .ATU RE . 5.09700+02 5.7 70 0 + 0 2

-I-;.OUTLET -TEMPERATURE .... 5-5-.0P+Q2 5,39587 02

INLET _ HUMIDITY -_.269 _0 00002

OUTLET HUM1IDITY 
2,23989-02

PRESSURE DROP 4.96410+00 5.12918+00

IRJLET PRESSURE 4.24000+.03 2,12000+03

OUTLET PRESSURE 4.23504+03 2,11487+03

AVERAGE REYNOLDS NUMBER 5.30087+03 1.43-59-03

AVERAGE HEAT-TRANSFER COEFFICIENT .... _ 5.87109+01 7,96297+00

AVERAGE HEAT-TrdANSFER SURFACE EFFICIENCY 9 40887-01 .9,90794 01

---_-------------- ----- ----- ---------

EFFLCTI VEHESS 626154-01
AVERAGE TOTAL CONDUCTANCE (UA) 8,16573+_02

. _DEW POINT FOR FLUID R 5,70200+02



** OUTPUT DATA FOR TIME THETA z 9.83227 -04 0

S..SIDE ...--. R SIDE . _
-- -- -- -- -

MASS FLOWi RATE 5.28000+03 1.90800+03

INLET TE,'PERATURE ... .--.... 5.09700+02 5.74700+02

OUTLET TE:WPERATURE 5,520933+02 ......... 540701+02

INL'ET HUMIDITY - 6 000002__

OUTLET HUMIDITY 2.32643-02

PRESSURE DROP 4o99545+00 5C15163+00

INLET PRESSURE. . ,24000+03_ .. 12000+03

OUTLET PRESSURc 4*23500+03 2.11485+03

AVERAGE REYNOLLOS NU.MBER 5.29242+03 1.43756+03

AVERAGIE HEAT-TRANSFER COEFFICIENT .. 5 87586+01 .... .97014+00

AVERAGE HEAT-TRANSF-ER SURFACE EFFICIENCY 9.40843-01 9.90786-01

-- ------------------------------------- ---------

EFFECTIVENESS 6.52203-01
AVERAGE TOTAL CONDUCTANCE (UA) 8.17290+02

DEtW P01NT FOR FLUID R 5.70200+02



--- * OUTPUT DATA FOR- TI-E THETA = 1.1832303 +*

N --- - -- -- -* --- -- . -------- - --

s SIOE. R.SIO.

M14ASS FLOW RATE 5.28000+03 1,90800+03

INLLET -TEMPER- ATURE 5.09700+02 5,74700+02

S OUTLET TEtMPERATUE 5o _________ 4_8+0_2 59.41696_102

INLET_ HUMIIOITY 6,_-- 0- 6000-02

OUTLET HUMIDITY 2,40680-02

P--- SSURE 6ROP . 02053+00 5 17127+00

INLET PRESSURE 4-.,_,2 000_03 2,12000"03
OUTLET PRESSURE 4,23498+03 2,11483403

AVERAGE REYNOLDS NUMBER 5,28507+03 1.43670+03

__AVERAGE HEAT-TKtANSFER COEFFICIEiT 58800-01 , 97618 00

AVERAGE HEAT-TRANS-ER SURFACE EFFICIENCY 9o40805-01 9o90779-01

--------------- --------------------------------------------

EFFECT I VENESS 6 73053-01

AVERAGE TOTAL CONDUCTANCE (UA) 8.17896+02

.DEW POINT _FOR FLUID R _ 5.70200+02



OUTPUT DATA FOR TIME THETA 1.38323-03

.S SIDE _ R SIOL

MASS FLOW -ATE 5.28000+03 1.90o600+039- - ------ -5s.-0 97 -00+2 , 7 47 0+ 2

INLET TEMPERATURE -5_509700+02 
5.7 42569700 +02

OUTLET. TEMPERAIURE .
-. _542569 02--

- -INLET._HUMIITY - 6°00000-02
INLET HUIITY ---- - -- . 2.47949-02

...........- -- --...s. - oo . o + o-

PRESSURE DROP 
.04051+00 .1 2000+0

INLET PRESSURE - - -. -. . 4.240.0096+03 2.1281+03

OUTLET PRESSURE 
4.296+03 2,1148103

------------------------------------- - ---------

AVERAGE RE YO-- NU , - c 5°27896+03 1.43598+03

EFFECTI VEESS 6.8965301

... .__ AVERAGE TOTAL CO NDUCTANCE (UA) ___ 8, 108+02

___DEW _POINT FOR FLUI.DR 02.___1...-.. ------------------
2r7r90



... OUTPUT DATA FOR TIME THETA 1*58323-03 ,*

.. .. S SIDE_. R.SE _--..__

MASS FLOw RATE 5.28000+03 1a90800+03

INLET TEMPERATURE 5.09700+02 5,7470002

_OU.TLET. TEMPERATUIE . 5.55455:02 5.337 8+

INLET HUMIDITY 6_.0000002

OUTLET HUMIDITY 2.54924-02

PRESSURE DROP 5 05767+00 5,20286+00

INLET PRESSURE .4,.2
.L 0 000+3  2 .1____ _22000+03

OUTLET PRESSURE 4.23494+03 2,11480+03

AVERAGE REYNOLDS NU-BER 527312+03 1.43533+03

.AVERAGE HEAT-TrASFER COEFFICIENT 5.. .. 88677+01 ___ 7.9860000...
AVERAGE HEAT-TaANrSFER SURFACE EFFICIENCY 9.40"743-01 9.9076801

-----------------------------------------------

EFF CTIVENESS 7*03917-01
AVErAGE TOTAL CONDUCTANCE (UA) 8.18882+02

-W POINT FOR FLtUID R 5.70200+02
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_ 

_ 
_

- 7 - ,-... OUTPUT D AIA-FO6 R- T I ME T - -HETA 1.78323- 0 3 *gs~~~~~--- ------------ 1 I--~

.... _ D E R SIO .. . . . . .. .

MASS FLOW HATE 5.28000+03 1+98O0;O3

INLET TEM!PERATURE 5.09700-02 5.74700 02

OUTLET TEMPERATURE 5561502 5408802

INLET HUMIDITY -- 6,0000-02.

OUTLET HUMIDITY 2c6118902

--- PRESSURE DOP .. -. 5. 07063+00 5,21560+ 00
NLET SSURESSURE 2000+0 2,12000 03-

OUTLET PRESSUR-E 4.23493+03- 2,11478 03

AVERAGE REYO 10LDS NUMBER 5026827+03 1.43477+03

AVERAGE HEAT-TliANSFER COEFFICIENT 5,088952401 ....-..-- 799008+00

AVERAGE HEAT-TRANJSFER SURFACE EFFICIENCY 9.40718-01 9.90763O01

------------------------------------------------

EFFLCTIVENESS 7.14684-01
AVERAGE TOTAL CONDUCTANCE_(UA) 192

-DEW POINT FOR FLUID_ R 5.70200+02



*. OUTPUT DATA FOR TIME THETA 1,98323-03 ,

-- -. ___. ___S _SIDE - R S!O ....

MASS FLO RATE 5.2800003 1.9080003

INLET TEMPERATURE 5,09700+-02 5,74700 02

.--OUTLET TEMPERA URE .. .__5.65723 +0_._5,4714 o02

INLET. HU,-IITY -- '0 00000 02

OUTLET HU-tLO ITY - - 2,66861-02

PRESSURE DROP 5.0812L4+00 5,22658+00

. INLET PRESSURE 4, 24000+03- 21,2000+03
OUTLET PRESSURE 4.23492+03 2,11477+03

--- Eli- 5.26401+03 . 1.43429+03
AVERAGE REYNOLUS -UMBE 526101+3 1.o4329 03

AVERAGE HEAT-TRANSFER COEFFICIENT. ___5.9194+01. _ 7,99357+00

AVERAGE HEAT-ThANSIER SURFACE EFFICIENCY 9.40696-01 9990759- 01

S---------------------------------- ---------------------------------

E_- EFF CTI VEt*ESS 7,.23505-01

AVERAGE TOTAL CO DUCTANCE (UA) _ 819641+02

DEW POINT FOR FLUID R _ 57 0200+Q
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-----

- - - ---------------

OUTPUT DATA FOR TIME THETA 2.18323-3 

S. SID EZ--. -. R SIDE...

MA'SS- FLOW RATE 5.28000+03 1 . 9 0 8 00 + 03

.... .-..------ 5,09700(-02 5,74700+02

INLET TEMPERATURE 571 02. 526202
_OUTLET TEMIPERA1U

1<" ....- 5,571_9_92 5, 45262
+ 02

.'- ._6 r 0 D ,_0000_.TO 2 ....
INLET. HUMIDITY -----_--- 2.71961-02
OUTLET HUMIDITY

S. PRESSUR -------O 50899 7+00 5.236
PRESSE OP 424000+03 2.12000+03

INLET PRESSURE --------- -4.23491+03 2.1147603
OUTLET PRESSURE 52631OUTLET PRESSURE 423491-03 2318476+03

- ----------------- 63c31~5S0
AVERAiGE REYNOLUS NUMaER 5 +0
AVERAGE HEAT-TRANSFER COEFFICIENT ......... .404+0 _ _'9500.

AVERAGE ilEAT-TrANSESER SURFACE EFFICIENCY 9940677-01 9z90755-01

---- ------------------------------------------

EFFLCTIVENIESS 7e30756-O.
AVERAGE TOTAL CO IUCTANCE_ (UA..) 8.1999_ 302_____

DEW POINT FOR FLUID. R 5.702 0 -0o2

----



*OUTPUT DATA FOR TIME THETA 2.38323-03 *

_ _ _ __S._IDE _ _R SD .

,-ASS FLO,. -R-ATE 5o28000+03 1.90800+0

INLET TEMvPERATURE 509700+02 5,-- 7470002

OUTLET TEMPERATURE 5,76.1 DP_ 5 517.02.

ILET _HUI DITY -- 600000002

OUTLET HU-UICITY 2.76288-02

PRESSURE DROP 5.09765+00 5.24377o 00

INLET PRESSURE __.24000+03 212000+03

OUTLET PRESSURE 4,23490+03 .2.11476+0

------------------------------------------ -----

AVERAG- R E~ OLs- Is NluBE 5.25722+03 1 43357+03

AVERAGE HEAT-TA'NSFER COEFFICIE'NT. 5,89579+01. 7,9988300

AVERAGE HEAT-TRANSF*ER SUFFACE EFFICIENCY 9,40661--01 9.90753-01

EFFECTIVENtESS 7.37140-01

AVERAGE TOTAL CONDUCTANCE (UA) 8.20172+02

DEW POINT FOR FLUID R 5.70200+02



.OUTUT DATA -F-oR -TIME THE-TA -=--2-58323-03

. .. SIDE. -. R SID ..

tAS LO "RATE 5--2800003 - -. - - --- -

NLET -TEMPERATURE 5. 09700+02 5.74700+02

OUTLET TEMPERA URE .5 -_ 5,5_97.+02 5.46135 02 _.

INLET HUMIDITY -- --- 0------ - 02

OUTLET HUMIDITY - 2.80366-02

PRESSURE OROP . 5.-40+ 5104000025064+00

INLET PRESSURE 200+0_ 212000+0

" U0TLET PRESSURtE 4,23490+03 2,11475+03

AVERAGE REY-OLOS NUM-ER 525434+03. 1,43327+03

AVERAGE HEAT-TRANSFER COEFFICIENT . 5.89743+01 .... 08,O111O . .+00

AVERAGE HEAT-TtiANSYER SURFACE EFFICIENCY 9,40646-01 9.90750-01

----------------------------------------------

S. -- FL CTIVENEiSS -7.42415-01

.AVERAGE TOTAL CONDUCTANCE ._ UA) 8*20401+02

DEW POINT FOR FLUID R 5.70200+02__

. .... .. . . ... - . . . .. . . . . .. .. .. ... .......... .. ...- - - - - - ~



OUTPUT DATA FOR TIME THETA 2-78323-03

S. - -S-SIOE .... R SIDE-

MASS FLOW RATE, 5.28000+03 jI90800+03

.INLET TEMPERATURE 5.09700+02 54700+02

OUTLET TEMPERA IURE" 5.58240+-02 5,46496+02

- ----INLET IUlI)ITY -- 600___ _000-02--

OUTLET HU-IDITY -= 2,83936"02

PRESSURE DROP 5.1092+00 5.25655 + 00
. ..-..INLET PRESSURE ______.,2i000+03__ 2,1200003 ....

OUTLET PRESSURE 4.23489+03 2, 11474~d03

AVERAGE REYNOLDS NUMER 5.25196403 1,43301+03

_ AVERAGE HEAM-TRASFER COEFFICIENT 5.t89878+01 8.00305'00

AVERAGE HEAT-TRANSPER SURFACE EFFICIENCY 9o40633-01 9.90748-01

-- ----------------- -------------------- ---

EFFLCTIVENESS 746768-01

AVE AGE TOTAL CO OUCTANCE (UA) 8..20596+02 _ .__ ____

DEW_ POINT FOR FLUID R 5.70200+02



10i 4 ...... . -

OUTPUT DATA FOR TIME THETA 2.98323-03 e

S SIDE-........ R SI-  -
...............------ ----

A-- !SS FLOW RATE 5.28000+03 1.908O+03

.INLET TEMPERATURE 5.09700+02 574700+02

OUTLET TEMPERA TURE __ __ ____ 5.58496+02. _... .... 5,46789+02

ILET _HUMIDITY _- 6- 0 0 00O 0 2 - .

OUTLET HUMIDITY .. 2o8688602

PRESSURE DROP " 5.11399+00 5.26136+00

INLET PRESSURE .2.4_000+03 _ .2.12000+03 .. __

OUTLET PRESSURE 4.23489+03 2. 11T474J+03

AVERAGE REYN LODS" NUM.,,ER 5.24997+03 1.43282+03

AVERAGE HEAT-TRANSFER COEFFICIENT ........... 5..89992+01 .___8,0042+00 .
AVERAGE HEAT-TrANSFER SURFACE EFFICIENCY 9.40623-01 9,90746-01

------------------------------------------ -----

EFFi.CT IVENESS 7.50714-01
.. AVERAGE TOTAL COWTDUCTACAE (UA) _ . 20737+ 02 o_____7__

DEW POINT FOR FLUID R 5,70200+02



., OUTPUT DATA FOR TIME THETA 3.18323-03 t,

.... _.... .._ __5SIDE R SIDE .

------ -----

MASS FLOW RATE 5.28000+03 1.90800+03

INLET TEMPERATURE 5.09700+02 5.74700+02

OUTLET TEPERA UR._ _
" 

_5,.5____72+_ je02_ 510202..

INLET HUX IDITY 6___ 0__O 000_ 02__

OUTLET UMIUDITY -- . 2.89490-02

PRESSURE DROP 5.11819+00 5.26541+00

INLET PRESSURE .. 24000+03 2.12000+03

OUTLET PRESSURE 4*23488+03 2.11473+03

AVERAGE REYNOLJS tU-'BER 5.24818+03 1,43267+03

.... AVERAGE HEAT-TRANSFER .COEFFICIET . 5.9009+01 -- 8.00562+00__.

AVERAGE HEAT-T(,ANStER SURFACE EFFICIENCY 9.40613-01 9.907,45-01

------------------------------------------------- ----------------

EFFLCTIVEN ESS 7,54210-01

AVERAGE TOTAL CONDUCTANCE (UA) 8.2086040

........... -DEW POINT FOR FLUIO R 5.70200+02



................ ..... --U -U----A - o - - ----:(Z- -H[£ ------ S'2------ z S- I--- •

. -. .OUTPUT DATA FOR TIME THETA .3.38323-03

........... ... SIDE........ ... R SIDL.

------ ---------

MASS FLOW RATE 5,28000+03 1,9080003

INLET TE.-PERATURE 5.09700+02 5.74700 02

OUTLET TEMPERATURE . 55895O2-02.__ _ 547279r 02

INLET. HUIDITY 6..........00000-02_

OUTLET HUMIDITY - 2.91940-02

PRESSURE DROP 5.12174+00 5.26911+00

ILET PRESSURE 4... _,- 24000+03 ._.__.2.12000+03

OUTLET PRESSURE 4.23488+03 2.11473+03

AVERAGE --REYNOLDS NU.i BER 5.24659+03 1,43249+03

AVERAGE HEAT-TRANSFER COEFFICIENT -5.90184 +01.. 8006g54 00

AVERAGE HEAT-T1RANSFER SURFACE EFFICIENCY 9.40605-01 9o074401

.... ...... ... ... _,. . _--_ -- _----- -. .----------

EFFLCTIVE'ESS 7o57161-01
AVERAGE TOTAL CONDUCTANCE _UA) 8.20993+02

DEW POINT FOR FLUID R 5.70200+02



SOUTPUT DATA FOR TIME THETA 3.58323-03

S SIDE_ R SID_

I --- --------- -------

MASS FLOWd RATE 528000+03 1.90800+03

I NL-T -PER- ATU RE 509700+02 5, 74700+02

OUTLET _TEPERA UE 5----- -- 59087+02 5_47466*.02

NLET._H UMIUITY -- . 6,00000-02

OUTLET hUMIDITY -- 2,93900-02

PRES -URE - ROP 5 12493+00 5.27210+00

INLET PRESSURE 4-.24i000+03 2o12000 + 0 3

OUTLET PRESSURF 4.23488403 2.11473+03

AVERAGE REYNOLUS 1UM3ER 5.24531+03 1.43238'03

AVERAGE HEAT-TRANSFER COEFFICIENT... 5._90257+01 8,07O81 -...

AVERAGE HEAT-TrANS-ER SURFACE EFFICIENCY 9,40598-01 9,90743-01

S-- EFF-.CT IVEfNESS 7o59807-0 1

AVERAGE TOTAL. CONDUCTANCE UA) 8.2108+ 02

OE' _POINT FOR FLUID R 5.70200+02



108
10 8 - ... .... -.

S . OUTPUT DATA FOR TIME THETA 3978323-03

-_R SID..... .. .

._ S SI ---D-- '---- SESID .

MASS FLOW RATE 5.28000+03 1.90800+03

INLET TEMPERATURE 5.09700+02 5,74700+02

OUTLE TIEMPERA TURE ---- 559232+02_ ... 54764302 ....

I 1LET HUMIDITY -- 6,00000 .-.02

OUTLET HlUMIDITY -- 2,95781-02

PRESSURE DROP 5.12760+00 5.27485+00

INLET PRESSURE - .. . 4.24000+03. __ 2.12000+03

OUTLET PRESSURE 4,23487+03 2,11473+03

AVERAGE REYNOLDS _NUM'BEnR 5.24415+03 1 .4322Lt03

AVERAGE HEAT-TRANSFER COEFFICIENT ... _ 5.90323+01 _ 8,00881.+00..
AVERAGE HEAT-TrANSFER SURFACE EFFICIENCY 9.40592-01 919074"201

- - -- -----------------------------------------------

EFFtCTIVENESS 7.62030-01

_AVERAGE TOTAL CO;DUCTArICE. IUA.)_" . 8,21181--+02. ....

.DEW POI IT FOR FLUID -R 5,70200+02
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-s OUTPUT DATA FOR TIME THETA = 398323-03

- S__E_ R ISTD

MASS FLOW RATE A 5.28000+03 1.90800+03

INLET TEM PERATURE 5.09700+02 5.74700+02

OUTLET TEMPERATURE. __-_. 
4-7__ 1 5...936i+8q 5.47781+02

INLET HUMIDITY -- 6 0000--02

OUTLET HUMIDITY - 29725302

PRESSURE DROP 5.13004+00 5.27703i00

INLET PRESSURE -4. 4.24000+03 2.12000+03 3

OUTLET PRESSURL- 4.23487+03 2,11472+03

AVERAGE REYNr-LUS tUMBER 5.24320+03 Io43216+03

AVERAGE HEAT-Ti<ArNSFER COEFFICIET.................. 590377+01 8 0 9 1 0 0

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 9.40587-01 9,90741-01

-----------------------------------------------

EFF CTIVENESS 764,060-01

AVERAGE TOTAL CONDUCTANCE (UA). 8.2124302

OEW POINT FOR FLUID R 5.70200+02
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. .. . . ... . - .... ... . ... . . . . .. . .... ... . . . . '.. -... . ... ..- - - - -

-- OUTPUT DATA FOR TIME THETA 4.18323-03 **

.... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. .. . .... . .. . . . -.- . . . ... . . . . . . .

5 SIDE ......... R SIDt

MASS FLOW RATE 5.28000+03 1.90800+03

INLET TEMPERATURE 5.09700+02 5o7700+02
OUTLET TEMPERATURE _ 5., 59t.83+ 02 .....5.4790 0 + 02

INLET HUMN1IDITY _- .6_00000-02

OUTLET HUMIDITY -- 2998541-02

PRESSURE OROP 5.13224+00 5.27887+00
INLET PRESSURE . J+-4.24000+03 2...2000+03

OUTLET PRESSURE 4.23487 + 03 2.11472+03

AVERAGE REYNOLOS JIU;4BER 5.24235+03 1.43210+03

AVERAGE HEAT-TNrANSFER COEFFICIENT .... 590426+01 8.00994+00
AVERAGE HEAT-TriANSFER SURFACE EFFICIENCY 9v40583-01 9.90740-01

---------------------------------------------

EFFLCTIVENESS 7,65886-01

AVERAGE TOTAL COtNDUCTANCE (UA) 8.21298+02

DEW POINT FOR FLUID R 5.70200+02



OUTPUT DATA FOR TIME THETA 4°38523-03 *

.'ET TEPEFATR 5.0970002 5,7 4 7 0 0 + 0 2

LET TE PERA TUE. ___ 5.595 89+02 5048003+02

------ -- - - -

I____NLET H1UMI ITY ...... -- 6.,0 0.--0 2

OUTLET HUMIDITY - 299658-02

PRES-SURE DROP-- 5.1342 +0 5.28044 +00

INLET PRESSURE 424000+03 ___ 2,,12000+03 "

OUTLET PRESSURE 4.23487+03 2,11472~03

-. AVERAG
-E REYNOLOS UMER 5.24161+03 1,43203+03

AVERAGE HEAT-TKAN-SFER COEFFICIENT 5.90468+01__ _,01042+00__

AVERAGE HEAT-TkANSFER SURFACE EFFICIENCY 9.40579-01 9.90740-01

----------------------------------------------------------------------------

-EFFL CTIVENESS 7,67521-01

AVERAGE TOTAL CONOUCTANCE (UA) ._. 8.21347+-02

DEW POINT FOR FLUID R 5.70200+02
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. ------s SIDE R SI-
•- .. ~ _~_~ •__-.-~-- ._----------:-- •-~- .. ...... _ . .....

INLET TEMPERATURE . 5 09700+02 5,74700 02

OUTLET TEMPERATURE .559684+002 5548 09202

.INLET HUMIDITY ...... -- o0 0 2_.

OUTLET HUMI1DITY ......--- ' -" --- , ----, 98+ -o o Blz'"
PRESSURE DROP 5.13598+00 5,28179400

INLET PRESSURE. .. 4,2,000+03 ........ 242000 03.
OUTLET PRESSUr. 4.23186 03 2,11472+03

A.. VERAGE REYNOLDS NU3El 5.24097+03 1,43198 03

S -.AVERAGE HEAT-TRANSFER COEFFICIENT. 5.0505+01 .001084+00

AVERAGE HEAT-TrANSFER SURFACE EFFICIENCY 9.40576-01 9,90739-01

----------------------------------------------

EFFt-CTIVENESS 7.68990-01
AVERAGE TOTAL CO;JDUCTANCE. (UAL) ...... 821391+02_

DEW POINT FOR FLUID R 5.70200+02

............... . .... .. .__- - - - ~ - - - - -- - - -- - -- - - --
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Example 3 - Crossflow Freon Condenser

Problem Statement

This case involves an exchanger in which a superheated vapor

stream (Freon 12 designated as the r fluid) is cooled and condensed by

a liquid stream (60 per cent ethylene glycol, designated as the s fluid).

The pertinent specifications for both sides of the exchanger are given

in Table III along with the core dimensions.

The situation to be investigated is as follows: The heat

exchanger is operating at steady-state when an increase in the inlet

temperature of the glycol stream (s fluid) from the initial value of

30 deg F to a final value of 40 deg F occurs over a time interval of

10- 3 hr. The problem is to compute the transient performance of the

exchanger over .a total time interval of 0.082 hr resulting from this

change in operating conditions.

Preparation of Input Data

The completed data-input sheets are shown on pages 115

through 116. These contain all of the necessary data, except those

on the matrix-data tape. Some of the input data have been indicated

previously; the remainder arise from the following considerations:

I. The total time interval to be investigated is divided

into two time periods, the first 0.002 hr in length and

the second 0.08 hr. The first period (0.0:5< 0.002) is

subdivided into 8 increments to give a nominal time-step

size of 0.00025 hr; the second (0.002:G 0.082) is also

subdivided into 8 increnents giving a nominal vadue of

I = 0.01 hr. The nominal value of 45 is to be sc

in the calculations for each period provided it falls

within the minimum and maximum values calculated.

2. The parting-plate thickness is 0.00250 ft (0.030 in)

and the thickness of the side walls is 0.01667 ft

(0.20 in).

3. The fluid property-data for Freon 12 and glycol are giv'n

in Tables 33, 3~, 35, and 108 of Reference 3.
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Results of Analysis

The printed computer output data for this case are given on

pages 117 through 154. The input data specified to the program are

printed on the first six pages. These are followed by thirty-two

pages of output containing the results of the calculations. The pertin-

ent results are also given in Figure 3, which shows the transient varia-

tion of the inlet and outlet temperatures of both fluids and the inlet

and outlet vapor quality of the Freon stream (r fluid).
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

ENGINEER. MP PROJECT: Analysis of HX Transients PROJECT NO113

TITLE. Sample to Illustrate the Use of Program KRONOS SHEET. I OF 2

LOCATION

iI I 123 119e 24a 5 OnI 3837 42 45 4049 45S 60C1 C Co 7 72

SAMP _E TRANSIENT ANALY IS OF A CROSFLOW FREONI CONDEISER

$NAM3, I

NFLO=.1, XPC=2,, ..XPPINrO, NYPIN=O0,

RHUNIT=I, 3C=4.169E8, , , ,_ _

ELX=. 33, LY=. 6 7, :LNF=.P, _

PP=.0p25 )ENSMPf168, :PMP=.?13,

SWL=. 1667, VT=.011667, )ENSM Wl68,C MVr=.2,13,

PINS=,4240 NCORES,=3006,R HINS=O,

SPLS=.0025,C ONDMS=IO00, DENSMS=1I68, CPMS=.,213, ,,

ICOMPS=2, NTFPS=5, .

TFPS (,I)=480,500,5 0,540,9560,

CPXs(,I)=.70 2,.71 68,.7337,.74 9,.76 3,

VISXS(I)=40. 71,23,.21,14.23,9.p97,7.212,

THKXS,(l)=.254,.2?52,.
2 46,.2 231 ,.2 20,

ROXS(1)=68.i12,67."6,67. 6 ,66.99, 66 .54,

PINR=10436, CORER30o04,kHI NR=P,

SPLR=r 0025,6ONDR=10, ENSMR=168, :PMR=.i.13,

KPHR=?, -

TSAT= 19.7, IFGSAT61.64, CRIT=85942, ATM=2117,GA C=4.169E8,

ZV=l,. jASKV=12.78,1TFPV= ,
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NORTHERN RESEARCH AND ENGINEERING CORPORATION

DATA INPUT SHEET

ENGINEER: MP PROJECT: Analysis of HX Transients PROJECT NO -11358

TITLE: Sample to illustrate the Use of Program KRONOS SHEET. 2 OF 2

LOCATION

6 1t z 
I

s 18 24 25 o1 B 37 4 J4 e 4U J B+ o 6 G7 72

TFPV(1)=45 ,500, 550, CPXV( )=.352,.3595,.3662[

VISXV,(1)=. 2628,.,029,. 43102,', THKXV( 1)=.0C4 608,.,005285,.005969

NTFPI=3, TFPL()=48050,500,5 0,

CPXL 1)=. 2186,. 2227,.271,

VISX1(1)=.414,.6q1,.65C1,

THKX (1)=. 795,04545,.0295,

ROXL( 1)=88.50,86,26,83j90,.

INC=Z, , ,

NPER=2, THPER(1)=0.C02,0.Q8, NDTH( )=8,8, ITHC(1)=1 ,1,

IMS= , NMS=l THWS(1 )=0, WSX(1)=2760,

ITS=2, NTS=3, THTS(1,)=0 . 01,2., T INSX 1)=48c.7,2 99.7,

IMR= , NMR=I1 THWR(l,)=0, RX(1) 1=600,

ITXV=3, NTXV= I,, THTXV 1)=0, TINRX 1)=53'. 7 , xVINX 1)=1,

SEND, . _ I

I I , I _

_ 1 I I I I

_ I I I I I

I I I ,i, a
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* PROGRAM KRONOS PREDICTION OF TERAL TRANSIENTS IN COMPACT HEAT EXCHANGE S 

SAMPLE TRANSIENT ANALYSIS OF A CROSSFLOW FREON CONDENSER

s . GENERAL INPUT DATA ........ ..

. . .. -- . .. ... ... . .... . .. .....- - ~ -- - - - - - - - -

THE FLOW ARRANGEMENT IS MULTIPASS CROSSFLOW .....

NUMBER OF PASSES = 2

NUV.BER OF CALCULATION INCREMENTS PER PASS IN X DIRECTION = 5

- NUMBER OF CALCULATION INCREMENTS PER PASS IN Y DIRECTION 
10

PROPORTIONALITY FACTOR. FOR- HYDRAULIC" RADIUS --'-- 1O 00o-6+0+-

PROPORTIONALITY CONSTANT 4.16900098 .+ __

. CORE DIMENSIONS *__

LENGTH IN X DIRECTION = 8,33000-01

LENGTH IN Y DIRECTION = 6.67000-01

NONFLOW LENGTH = . 00000-01

, PARTING-PLATE SPECIFICATIONS

THICKNESS OF THE PLATE = 2.50000-,0"3

S..- DENSITY OF THE METAL = 1. 68000+02 .

HEAT CAPACITY OF THE METAL = 2.13000-01

* SIDE-WALL SPECIFICATIONS *

WALL THICKNESS PARALLEL TO THE PARTING PLATES = 1.66700-02

SWALL THICKNESS NORMAL TO THE PARTING PLATES = -1.66700-02
DENSITY OF THE METAL = 1.68000+02

----...............---- -- AT CAPACITY OF THE METAL : 2.13000-01
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- -- - -- 8-- - - -

* FLUID S 
-

.--. ..-- . INLET PRESSURE - 24003

THE FLUID FLOWS 'IN-THE ,Y-DIRECTION

.-SPECIFICATIONS OF THE ASSOCIATED MATRX-

THE VALUE OF HYDRAULIC RADIUS OBTAINED FROM THE MATRIX-DATA 
TAPE IS USED IN THE CALCULATIONS

SPLITTER-PLATE THICKNESS 2.50000-03

"PETAL THERMAL CONDUCTIVITY = 1,00000-02

METAL DENSITY 1,68000+02
-- -IETA -HEAT CAPA.CI'Y = 213000-01

~U OID-PROPERT'IES

THE FLUID IS A LIQUID

TEMPERATURE SPECIFIC HEAT VISCOSITY CONDUCTIVITY DENSITY

4.80000+02 7,00200-01 4,07100+01 2.25400-01 6,81200+01

.... 5,00000+02 7.16800-01 . 2,32100+01 2,25200-01 - 6,78600+01

5,20000+02 7,33700-01 1.43200+01 2.24600-01 6.74600+U1

5.40000+02 7.49900-01 9,99700+00 -- 2.23100-0l -6.6900+u1

5.60000+02 7.65300-01 7.21200+00 2,22000-01 6.65400+01

.. ... . .... . .........
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INLET PRESSURE 1.0436004

THE FLUID FLOWS IN THE 
_X DIRECTION

- -. .. . . - ..... ... . ... .. . ... ..- " 4. f-LC I N _ --- ------- -- t

.SPECIFICATIONS OF THE ASSOCIATED MATRIX ._-

P-.- ... .. .... .. ....
i

.---...-...-- MATRIX IDENTIFICATION NUMBER .. 3004

_-THE VALUE OF HYDRAULIC RADIUS OBTAINED FROM THE MATRIX-DATA TAPE IS USED IN THE CALCULATIONS

-SPLITTERPLATE THICRNESS --- 2.50000 -
-

METAL THERMAL CONDUCTIVITY 1,00000+02 ----- t
... . ... .. .-- - - . METAL DENSITY : 1,68000+02

METAL HEAT CAPACITY 2.13000- oo-01

.FLUID PROPERTIES. * ____ __ --- --

..... THE FLUID ISA TWO-PHASE CONDENSING 
FLUID

-- SATURATION -TEMPERATURE- 519700+02
LATENT HEAT OF VAPORIZATION = 6.16400+01

CRITICAL PRESSURE = 8,59420+04

ATMOSPHERIC PRESSURE 
=  2.11700+03

ACCELERATION OF GRAVITY = 4.16900+08

VAPOR PHASE

--- _-------l____ . -I -- en ---

COMPRESSIBILITY FACTOR-=. 100000+00

GAS CONSTANT 127800+01

..- - .- ------ THERMAL

TEMPERATURE SPECIFIC HEAT VISCOSITY CONDUCTIVITY

4.50000+02 3,52000-01 2.62800-02 4.60800-03
500000+02 3,59500-01 2.90000-02 5.28900-03
5.50000+02 3.66200-01 3.10200-02 5.96900-03



S-""'LXO. - LUID PHASE

THERMAL

-TEMPERATURE SPECIF IC HEAT vISCOSITY rDUCTIVIT-Y DENSITY

.. 80000+02 218600-01 7---- .44000-01 4,79500-02 8.500001

5.00000+02 2.22700-01 6.91000-01 4,5L500-02 8.62600+01

5,20000+02 2710001 50000 295 0 9000



. .. - TI -ELATED INPUT DATA

THE INITIAL CONDITIONS CORRESPOND 
TO THE STEADY STATE

.THE TRANSIENT INVESTIGATION IS IVDlED INTO 2 --fIME PERIODS

NOMINAL
S........------- -NUMBER OF

TIME PERIOD LENGTH _ INCREMENTS OPTION

1 2,00000-03 8 1
---------- - - -- 28000 000~- 0 8

NOTE - OPTION 0 INDICATES THE SIZE OF THE TIME 
INCREMENT

CORRESPONDS TO THE NOMINAL NUMBER OF INCREMENTS

.OPTONI INDICATES-THE SIZE -O THE TIME-I-CREMENT

.CORRESPONDS TO THE NOMINAL NUMBER OF INCREMENTS, BUT

.. IT IS BOUNDED BY CALCULATED MAXIMUM AND MINIMUM VALUES

--... ..... OPTION 2 INDICATES THE SIZE OF THE TIME INCREMENT

CORRESPONDS TO THE AVERAGE OF THE CALCULATED MAXIMUM

_____ ._..---- - -- --------- --- ------------.---- 
---

A-ND MINIMUM VALOES

SFLUID S _

TIME MASS FLOW RATE

0.00000 2.76000+03

TIME INLET TEMPERATURE

0.00000 4.89700+02

-1a00000-03 --. - . 4.99700+02
2 50000"'00 4.99700"; 02



07.-00 00~O1~~f

TIME - -XN EVPERATURE XNlKLEAPOR -QUALITY _

0.va00000 5~701210000
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- OUTPUT OF THE TRANSIENT ANALYSIS *-*

-* GENERAL OUTPUT DATA _ _ _ _ _

MATRIX NUMBER 3006 ( TRIANGULAR, LRAT= 2" - THE-S SIl
mATRIX NUMBER 3004 ( TRIANGULAR, LRAT= 34.2 ) OiJ TI-IE R S.

S SIDE R SIDE

-- - HYDRAULIC RADIUS- - 2.16872;03 1. 57330-03
PLATE SPACING 2*75000-02 2,08200-02

SFIN SPACING 565000-03 4.19000-03

FIN THICKNESS 5.00000-04 5,00000-04

VOID VOLUME 2.08365-01 1.52922-01

TOTAL HEAT-TRANSFER -AREA 9 2875+01 9-39587101

------------ ------------------------------------------------

.... .- CORE VOLUME ...................... 44489-01

CORE WEIGHT (DRY) 1.40460+01

HEAT CAPACITY OF CORE STRUCTURE 2.99161+00
HEAT CAPACITY OF SIDE WALL

- IN CONTACT WITH FLUID S ... 86-0-03656-01
HEAT CAPACITY OF SIDE WALL

IN CONTACT WITH FLUID R . . 7-04247Q-

............................................................
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------ -------

-- so UTPOT-DATA- FOR- TIME" THETY 0000'60 e

MASS FLOW RATE 2°76000+03 6.00000+02

INLET TEMPERATURE 4.897001-02 5,34700+02

OUTLET TEMPERATURE -o-2851+02 492167"02

INLET VAPOR QUALITY -3 100000+00

OUTLET VAPOR QUALITY _ _ - 0 0000

PRESSURE DROP 6.91827+00 4,43675-01
INLET PRESSURE -*2.000+03 i0360+ 0-
OUTLET PRESSURE 4.23308+03 1o04356+04-OU TLE T PRE URE - . . - .-.,--. -. . - -

AVERAGE REYNOLOS NUMBER 7*50975+00 -*
AVERAGE HEAT-TANSFER COEFFICIENT 958579-.01 202230+02- ------- ------------------ --------------

. AVERAGE TOTAL CONDUCTANCE (UA) 5.12211+03

... ------- ' TOTAL HEAT TRANSFER RATE 4.49263+04 .......

PERCENT ERROR IN HEAT BALANCE 4°33503+00
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.--- -9 760o000 0 2

MASS FLOW RATE
--- 9507+02 .5"34700 02

. INLET TEmPERATURE 5.12687+02 495269 + 0 2

OUTLET TEMPERATURE : _- 
_ _ 7---

1100000+00

INLET VAPOR QUALITY ...,..... 0.00000

.. .OUTLET VAPOR QUALITY . .. - - -----82700 ..... 45465O-01

'PRESSURE DROP i.24000+03 1,0t3650+041 -.

INLET PRESSURE _. --- 0-+-- - 1 23 08 0 .- 04355+04

OUTLET PRESSURE .- - --60 819+00 O"-

AVERAGE REYNOLDS NUiABER 
9.57699+01 2.02227+0 2

AVERAGE HEAT-TRANSFER COEFFICIENT 0149212-01

----'-'-AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 
. 8,O08

EXTRAPOLATION OF THE FRICTION FACTOR 
AND COLBURN.MODULUSDATFORSIDE S 

AS

--.. -NECESSARY 
TO OdTAIN THE ABOVE RESULTS

__, . .-.-. -- -- -**---- 
.--

---. --------------------- -- 0 0 --c

EFFECTIVEI ESS 9---+0

AVERAGE TOTAL CONDUCTANCE (UA) 51194+0
3

-- ~- ~. ---- 'OUTLE----------PT



S SIDE R SIDE

MASS FLOW RATE - 27 7600003 60000002

INLET TEMPERATURE 70002 5370002 ---

OUTLET TEMPERATURE 511337+02 4,97901+02

INLET VAPOR QUALITY = " e00000+00

.... "......-- ,-..-.- - .. 0 00000 -- -- ------- ~---

OUT - VAPOR QUALITY -- 0000

PRESSURE DROP 69182700 4o6279801 .

INLET PRESSURE 4o24000+03 1,04360+04
OUTLET PRESSURE . .tf2330T0 3 I-04355+04

AVERAGE REYNOLDS NUMBER . ~L777500
AVERAGE HEAT-TRANSFER COEFFICIENT 9 0 58685+01 2.02564+02
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.4288101. 8,49036 0El

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO ObTAIN THE ABOVE RESULTS

EFFECTIVENESS -- _, 0540
AVERAGE TOTAL CONDUCTANCE (UA) 5 12479+03
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.. .. . . . -.. .. . .. .... . ........... ~I----~

---- OUTPUT oDATA FOR TIME iTHETA 1Q;-i6934503

s SIDE R SID

MASS FLOW RATE ~276000+03 
6.00000+

0 2

7INLET TEMPERATURE00 02

OUTLET TEMPERATURE 5.11614+02 5,0103602

INLET VAPOR QUALITY 
i0ODOOO+00

- ---. OUTLET VAPOR QUALITY

....- 6. 1827+00 . . 4 85189-01
PRESSURE DROP
INLET PRESSURE 4.24000+03 1.04360+04

OTLET PRESSURE -- 4 -- 3308+03 T 4 3 5 5 + 04
.---- - 8OUTLET PRESSURE

----- . AVERAGE REYNOLDS NUMBER 707684i 00 -

AVERAGE HEAT-TRANSFER COEFFICIENT 9522 2020202

.. AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY- 842810-01 8.4911801

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS 
DATA FOR SIDE S WAS

NECESSARY TO OdTAIN THE ABOVE RESULTS

---------------------- EFFECTVENESS----------- ----- -----

* - --- EFFECTIVENESS-
AVERAGE TOTAL CONDUCTANCE UA) 5.12532_+0



128128 . ....---.--.----- ---- ------

S SIDE _ R SIDE

MASS FLOW RATE - - - .6000+03 6-00000"02

..-- .... INLET TEMPERATURE -- - 990+02 5: 00  0 2 --

OUTLET TEMPERATURE - 5.117~+2 75

1.0000000
INLET VAPOR QUALITY - I-000000

-. -- -- -. OUTLET VAPOR QUALITY

PRESSURE DROP 691827+C3 .504054-01

INLET PRESSURE 4,24000+03 104?
3 6 0 + 04

OUTLET PRESSURE " -23308+03 i 04355+04

AVERAGE REYNOLOS NUMBER 7*99448+00 -

AVERAGE HEAT-TRANSFER COEFFICIENT 9o59830+.01 2,06921102

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.'42733-01 8,4732701

EXTRAPOLATION OF THE FRICTION FACTOR AND COLDURN M.ODULUS DATA FOR SIDE S WAS

.....ECESSARY TO OBTAIN THE ABOVE RESULTS

------------ --------- I.- FE VFNS----- ------- -- a ---

EFFECTIVENESS. 9T-783
AVERAGE TOTAL CONDUCTANCE (UA) 501595.9+03
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SOUTPUT DATAFOR TIME THET 26979203~ .. - -- --

S SIDE R SIDE _

-ASS FLOW RATE . -T 276000+03. 6o00000+02

SINLET TEMPERATURE 4.99700+02 5.34700+02
OUTLET TEMPERATURE 5 071+02 5.06173+0 2

W---TET .VAPOR QUALITY . - 1.00000+00

OUTLEt::-VAPOR QUALITY -- 0,00000

PRESSURE DROP . : 91827+00 5.31012-01
INLET PRESSURE 4,24000403 1,0436004

OUTLET PRESSURE 1;23308203 1o04355+04

AVERAGE REYNOLDS NUMBER . 09335 00 .-

AVERAGE HEAT-TRANSFER COEFFICIENT 9.60199+01 2.11832+02
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8o42685-01 845547-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS __
NECESSARY TO OUTAIN THE ABOVE RESULTS

EFFECTIVENESS . -...- -. 51564-031
S AVERAGE TOTAL CONDUCTANCE (UA) 5,19514+03

.. .... .. . .. -.. . .. . . . . :.- "- -T~- -- - -



. ... ........ .... ............

S SIDE R SIr-

MASS FLOW RATE .2 7600003 --- 6,O 000+ 02

-.----- INLET TEMPERATURE -..- g-99700 -02. 5.3700+02 --

OUTLET TEMPERAT.URE 5.11051S02 500919+02

INLET VAPOR QUALITY -- 1,00000<00

OUTLET VAPOR QUALITY 0-----000

PRESSURE DROP . 9i-827+ 0.0 5L4915901
INLET PRESSURE 4.24000+03 1.0460+04

OUTLET PRESSURE . O8-42308-03 l 043555+0

AVERAGE REYNOLDS NUMBER "8-g-053+00 
AVERAGE HEAT-TRANSFER COEFFICIENT 9c60668+01 2,18631+02
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 84 2625-01 804322601

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WA
NECESSARY T O TAIN THE ABOVE RESULTS

EFFECTIVENESS 7,.5 c6-O'
AVERAGE TOTAL CONDUCTANCE CUA) 5.24266+,03



. UTOATA FOR TIMETi1ETA 0_

S SIDE - R4

6.0000+02

OUTLET TEMPERATURE --

INLET VAPOR QUALITY . 000000
------ U-OUTLET VAPOR QUALITY

.6" 8.-- -..91827+00 5,68413-01
TPRESSURE 4DROP ,24000+03 .04360+04

INLET PRESSURE _ . ------ . - 330803 0435404
OUTLET PRESSURE .........-- 8 -2496-00

AVERAGE REYNOLDS NUBER 9.6111+0 2,2659702

AVERAGE HEAT-TRANSFER COEFFICIENT 94 001 0280

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY0

EXTRAPOLATION OF THE FRICTION FACTOR AND 
COLBURN MODULUS DATAFOR SIDES A_

NECESSARY TO OBTAIN THE ABOVE 
RESULTS

----- ------------ - - 8------0----

-EFFECTI VENES 
-0

AVERAGE TOTAL CONDUCTANCE (UA) 5,297 05 "0

- - - - - -- -- ------- -- --



S SIDE R SIDE- ------ -------

S------MASS FLOW RATE 2 76000+03 6b00000+02

INLET TEMPERATURE - -- -9 --  o 34700+0 _
OUTLET TEMPERATURE 5.11518+02 5.19700+02

INLET VAPOR QUALITY -- I.00000+00
. UTrLn.A-APOR WUALITY -- 4015565-02

PRESSURE DROP 6.182700- 5.9914701
INLET PRESSURE 4.24000+03 1.O04360+04

-OUTLET PRESSURE - - -23306+03 1 04354+04

VERAGE REYNOLUS NU.,MBER.- 8 .-32-090~00 . -
AVERAGE HEAT-TRANSFER COEFFICIENIT 9.62071+01 2.2610402
-AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY~ 8 2445--0 841093O01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OiTAIN THE ABOVE RESULTS

EFFECTIEVENESSS 5 7 I--
AVERAGE TOTAL CONDUCTANCE (UA) 5,296M1+03
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.. .OUTPT DATA FOR TIME THETA ~ 4278203 

S SIDE _n srE

- MASS FLOW RATE - 76000+03 6o0ooo02

-- INLET TEMPERATURE .5, 341900 02

OUTLET TEMPERATURE 51183+02 5197002

__ 1_,00000 .00

INLET VAPOR QUALITY 1 _0_ _ ------------ 518
OUTLET VAPOR QUALITY

- ' --- .- PRESSURE DROP691827 - 6.10510 01

INLET PRESSURE DROP .2000+03 1 ,0 360 + 04

ILETRE RE .~ 4P . 30+0* 0)4354+04
---- --OUTLET PRESSURE

-AVERAGE REYNOLDS NUMBER "6870+0 2.63633 02
AVERAGE HEAT-TRANSFER COEFFICIENT 962621+01 2636 02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8*42375-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS _DATA FOR _SIDE_ S _A
.. NECESSARY TO OTAIN.THE ABOVE RESULTS

----------------- --------------------

- -------- EFFECTIVENESS .....-- . 5 1-0i

AVERAGE TOTAL CONDUCTANCE (UA) 5.51858+03
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-E

S SIDE R SIDE

-HASS FLOW RATE .2- - 27600+03 6.00000O4 02

I--NLET TEMPERATURE 4970002 5.34700402

OUTLET TEMPERATURE 5.11511+02 5,19700+02

INLET VAPOR QUALITY -- 100000+00

----- OUTLET VAPOR QUALITY -- 8015059-02-

PRESSURE DROP 6 9127 00  62591' o 0

INLET PRESSURE 4.24000+03 104360+04
OUTLET PRESSURE 4 o2 303063 ~.04354+04

AVERAGE REYNOLDS NUMBER 8.-535800 4UU

AVERAGE HEAT-TRANSFER COEFFICIENT 9.63379+01 2.22356+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.42278 0 1 84756.01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS5
NECESSARY TO OBTAIN THE ABOVE RESULTS

EFFECTIVENESS 4 .25I7-
AVERAGE TOTAL CONDUCTANCE (UA) 5.28617+03
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- -OUPUT~ DT FOR iIHETA -4 - 0

. ...._ ' _ ... . ...... . ... ............-~ - . - -- -- - ------ - - .

S SIDE R SIDE

--.-.. MASS FLOW RATE 2.----76000+03 6 0 0 0 0 + 0 2

INLET TEMPERATURE 99700+02 -- 5, 3 4 7 0 0402
DUTLET TEMPERATURE 5.I1169+02 5.19700+02

SIN"LET VAPOR OUALITY . . .1o00000<00

'' .. gk.!ET V.! OR GUALIlY "--. 1*08356-01

p-ESSURE DROP 6 .. 6 91827+00 6. -39397-01

i. LET PRESSURE 42'4000+03 1.04360404

-- OUTLET PRESSURE -23308+02 -T.04 54""0 4

. AVERAGE REYNOLDS NUMBER 26
AVERAGE HEAT-TRANSFER COEFFICIENT 9.63643+01 2.2140402

--- AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.42244-01 -. 8.49169-01

.EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS .DATA FOR_SIDE S _WAS
S . NECESSARY TO 06TAIN THE ABOVE RESULTS

-- --------------------- ---- -

S--EFFEC TI V ENESS -- 4 2871 -01

AVERAGE TOTAL CONDUCTANCE (UA) 5,28345+03
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__

- f;UTPUT DATA FOR I IE T- .TA5 225003- e

S SIDE R SIDE
------ -------- -- --- '- LI-

MASS FLOW RATE . 276000+03 6.00000+02

INLET TEMPERATURE '7 099700+ 0 2  5.34700+02

OUTLET 7EMPERATURE 5.12053+02 5:19700+02

INLET VAPOR QUALITY "- 1. 0 0 0 0 0 + 0 0

OUTLET VAPOR QUALITY -- -- -fi.5 2 5 0 8- 0 1

- PRESSURE DROP .6i24 00 6.58710-01

INLET PRESSURE 4024000+03 1.04360+04

OUTLET PRESSURE 4. 3308- 0 3  TO04353 + 0 4

AVERAGE REYNOLDS NUMBER -- - - -- 8538+00 --

AVERAGE HEAT-TRANSFER COEFFICIENT 9.63070+01 2,20948+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.42216 01 8.49415"01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

-- EFFECTIVENESS 4-8571-01
AVERAGE TOTAL CONDUCTANCE (UA) 5.28140+03



O UVTP UT DAT FOR TIME TE20

.S SIDE R SI.DF-

14ASS FLOW RATE 
2o7 6000-03 6000000+02

. .- 99700+0 . .. 34700*02
---INLET TEMPERATURE 512597-02 5,19700+02

OUTLET TEMPERATURE _ _ -2
INL ...V.. Q T------ ---- ------------ 1.00000+00

INLET VAPOR QUALITY 1. 1,78703-01
OUTLET VAPOR QUALITY

P 6S.9'1827+ -0---... 6,64960-0
1

- .PRESSURE DROP 4.24000+03 1:04 3 6 0 +0 4

INLET PRESSURE • - 5-3"8 4.233-8: -0+3 04353+ Q4

-- -- OUTLET PRESSURE 12

-AVERAGE REYNOLDS NUMBER 964508+01 215191+02

AVERAGE HEAT-TRANSFER COEFFICIENT 8.42134-01 5179801

.--.-- AVERAGE HEAT-TRANSFER SURFACE 
EFFICIENCY

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN 
MODULUS DATA FOR_ SIDE AS. {AS_

----- NECESSARY TO 05TAIN THE ABOVE RESULTS

-EFFECTIVENES ----- "----"--- 285-0

AVERAGE TOTAL CONDUCTANCE (ULA) 5,.24595+03

I N L E T P R E S S U R E . . .. . .. . . .. . . . ... . ... . . .. .. ... . .. . . .. . . .. .3 55



MASS FLOW RATE" 2,76000+03 600000+ 0 2

INLET TEM.PERATURE 47 99700-02 5.34700+02

OUTLET TEMPERATURE 51 2533+02 5.19700+02

INLET VAPOR OUALITY . 1G00000+00

OUTLET VAPOR GUALITY - 95031

__PRESSURE DROP 6- - 3-27 :0-0 6"-70869 01

INLET PRESSURE . 4.24000+03 1.04360+04

OUTLET PRESSURE.- 45308 0 10-04353F 0 4

AVERAGE REYNOLDS NUMBER 6-O65O0 -

AVERAGE HEAT-TRANSFER COEFFICIENT 9.64856+01 2.0.441+02

.. AVAGE HEAT-TRANSFER SURFACE EFFICIENCY 842090-01 8.57678&01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN. MODULUS DATA FOR SIDE 5 WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

EFFECTI VENES " UA 5.14 4

AVERAGE TOTAL CONDUCTANCE (UA) 5.1514L 403
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.... . .. - OUTPO DATA FOR TIME THETA = 6.S191~S- 3 

S SIDE _R SIDE

..... MASS FLOW RATE - 2.76000.+03 6,00000+02

. LET TEMPERATURE 4o99700+02 5.34700+02

i TLET TEIMPERATURE : 5_121____ o 0 2  5.19700+02

- .>IJ E.T iTY< U:i ALITY-- 1000000+00
. 17-: T " kVAPOR QUALITY I99088-O.

PRESSURE DROP 69827 0 6721501
INLET PRESSURE 4.24000+03. 1.04360+04

OUTLET PRESSURE. 4 2330+0"3 -- 435+304

...... AVERAGE REYNOLDS NUMBER 8.63j29-00 0

AVERAGE HEAT-TRANSFER COEFFICIENT 9.64e00,+01 . 2.03286+02
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY . 8.42097-01 8,57150"0O

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS_DATA FOR SIDE SAW._ s
NECESSARY TO O8TAIIN THE ABOVE' RESULTS

-------- ------------------------------------------------

o EFFECTIVENESS- -- 71--0i
.AVERA-HGE. TOTAL CONDUCTANCE (UA) 5.16514+03
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_ C--OUTPUT DATA FOR TI E THETA-- .4--6 G 7 0 -

S SIDE RP SIDE

MASS FLOW RATE " 27600003 6.00000 02

S--INLET TEMPERATURE K_ 970002 5.34700+02 .
OUTLET TEMPERATURE 5.1335L+02 5,1970002

INLET VAPOR QUALITY - 1.00000+00
OUTLET VAPOR OUALITY - 9725001

- PRESSURE DROP 6.91'27+0- 6v6766 1-01 - ____-

INLET PRESSURE 424000+03 1,04i60+04
-OUTLET PRESSURE .- 23308+03 1o04353+L0

-- '------- AVERAGE REYNIOLDS NUMBER -8;69251+00 --

AVERAGE HEAT-TRANSFER COEFFICIENT 90 64584+01 2.06658+02
--. . AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 842124-- 8.56367-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S V!A,
SNECESSARY TO OdTAIN THE ABOVE RESULTS

EFFE~tI E~tlY-~~-- ----------- ~ ;-- -- -~- ~ I
EFFECT I VENESS _257 T--
AVERAGE TOTAL CONDUCTANCE (UA) 5.18971+03



OUTPUT- "DATA-FR- TIE-THETA -8-08638-03 e

__ _ _S SIDE _ _ R SIDE _ _

MASS FLOW RATE 7600003 .00000+02

-INLET TEMPERATURE 9 7 . 0.-199700+02 5.3470002

OUTLET TEMPERATURE 5..4604+02 51970002

INLET VAPOR QUALITY - _ " _ 1.00000+00__

OUTLET VAPOR QUALITY 01721

PRESSURE DROP ....-. -... 6 918 0-- 664662-01

INLET PRESSURE 
4.24000+03 1,04360+04

-OUTLET PRESSUREFF......... 2 53 -043530

.. W ERAGE REY-OLDS NUMBER .. .. 75 850 .. . ... ... .

AVERAGE HEAT-TRANSFER COEFFICIENT 9e64210+01 2,09548+02
.... AVERAGE HEAT-TRANSFER SURiFACE EFFICIENCY 8-421 - 2' -01 8,57057-01

EXTRAPOLATION OF THE FRICTION-FACTOR AND COLBURN MODULUS DATA FOR SIDE S_WAS
NECESSARY TO OdTAIN THE ABOVE RESULTS

------------------------------- -1. --.--..------- ---------- -'-

...... _ .---- EFFECT IVENESS -.-----. 257V- 0-

AVERAGE TOTAL CONDUCTANCE (UA) 5.21225+05



~ - -- ----------
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,* OUTFjT DATA FOR TIME TETA = 1.036i7-02 *

S SIDE R SIDE

M-- -ASS FLOW RATE 2 ,60 o00--03 6-,0000002o

IL--t ET TEPERATURE - 4o "99700+02. 5 .34700+02
IUT..ET TEMPERATURE 5.153314-02 5119700+02

12.T" -VAPOR QUALITY - 1 00000+00

... iY VAPOR QUALITY 6

' PRESSURE DROP . 69827-O00 5.46592-01

INLET PRESSURE 4,24000+03 1o0436004

OUTLET PRESSURE 35--50 8.§03 1-04355+04

-AVERAGE REYNOLDS NUMBER 8;7102 -00 -=

AVERAGE HEAT-TRANSFER COEFFICIENT 9.64598+01 2O09560+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.422301 .-8a570004 O

E-.RAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S VIAS "

-- NECESSARY TO OdTAIN THE ABOVE RESULTS

S----------.- .- --------.-- -.----------.--.--- -

EFFECTI VENESS -_ 49 -
AVERAGE TOTAL CONDUCTANCE (UA) 5,21354.03
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*t OUTPUT ThATi(FbRR TIME THETA f.o 12

S SIDE R _SIDE

MASS FLOW RATE 2 76000+03 600002oooo

INLET TEMPERATURE 4.9. -97004 -02 5.3470002
OUTLET TEMPERATURE 5.15510+02 5,19700+02

INLET VAPOR OUALITY _-- 100000+00
OUTLET VAPOR QUALITY -- 1o86171-01

S-.. PRESSURE DROP 6-91828+00 . 55252"01
INLET PRESSURE 4.24000-.03 1,04360_04
OUTLET PRESSURE ......----- 233 0 8+-- 0- 1s.04350o

AVERAGE REYNOLDS NUMBER 8 7092+00 ---- -. . - - -- ___

AVERAGE HEAT-TkANSFER COEFFICIENT 9.638524-01 1,88293+02
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 842218-01.......... 86539301

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OBTAIN THE ABOVE RESULTS

-------------------------------------------- - - --

EFFECTIVENESS 4 o 5 71O-0-01
AVERAGE TOTAL CONDUCTANCE (UA) 505173+03

- -...... . - -.. .- . ..-- . -.
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TP -TA FOR TIME THETA T 7 4810 V T

S SIDE R SIDE

MASS FLOW- RATE ... 2600 0+03 6. 00000 + 0 2

INLET TEMPERATURE .. .. 4;9970-02 5.34700+02 ....

OUTLET TEMPERATURE 5.15664-02 5.19700+02

INLET VAPOR QUALITY 1.00000+00

---- OUTLET VAPOR QUALITY . " 1-99189-Of

----- PRESSURE DROP 6. ~1i82800 0 5.60085*01

INLET PRESSURE *h24000+03 1.04360_0 _

--- OUTLET PRESSURE *23308r3 I0435004-

AVERAGE REYNOLDS NUMBER 6.........- 879617o00
AVERAGE HEAT-TRANSFER COEFFICIENT 9.63776+01 1.94623+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8 -2227 01 8,6349801

EXTRAPOLATION OF THE FRICTION -FACTOR AND COLDURN MODULUS DATA FOR SIDE S -WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

- -- --- - ' ~ ------------' ~^- ~~ ----- ----~~- ~ - -----

EFFECTIVE$ESS C5 i OT-NES
AVERAGE TOTAL CONDUCTANCE (UA) 5.1026S+03



.- - l- - -- 1 5r

. - OUTPU DATk '-OR -TI HETA 1 3 8 6 6 - 0

S SIDE R SIDE-

MASS FLOW RATE 
276 +03 6.00

0 0 0 + 0 2

S - o 2 5.34700+02
INLET TEtMPERATURE 5415767+02 5,19700+02
OUTLET TE-MPERATlRE.57 02 5. OO2

LET OR UALITY 1,00000+00
INLET :.2R QUALITY _ -- ------ 016901

. -.{.UTLEJ VAPOR QUALITY ,I9 -

INLE -R- ES" URE ---68"28--+ 00 - ..... 558007 _
0 1

_
PRESSURE DROP 

e1 +o 58017-01

INPRLET PRESSURE 24000+03 1,04360+04

-- -- OUTLET PRESSURE 208 03 -150  4

----------- AVERAGE REYNOLDS NUMBER * -"87 80-

AVERAGE HEAT-TKANSFER COEFFICIENT 9.64301+01 1.9459002

..VERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.42160-01 .8e6351501

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S iWAS

:7".ESSARY TO ObTAIN THE ABOVE RESULTS

-------------------------------------- -

......... .. EFFECTIVENESS . - 4 ;59-048-1

AVERAGE TOTAL CONDUCTANCE (UA) 5.10
0 4+0 3

--.--.-- ---.-. 
-------

. z .. ......... . . .. . .. .----- - -. - -- 
-- _ - i

S. . ....... . ....... . .. . . .... . ......--
-- ==-- ------

.-.....-. ~ .- ____ .-.-- - .--.--.- --- ________-----.-___________________ 
------ _____



.. ... .... .... ...... ... .

--......... MASS FLOW RATE . 276000+0360000002

..- . INLET TEMPERATURE ...-
9 9 7 0 0 F 0 2 . . 554700*02

OUTLET TEM.PERATURE 5.15974+02 5,1970002

INLET VAPOR QUALITY -- 1*00000 00

OUTLET VAPOR QUALITY -- 204986-01

PRESSURE DROP - 691828+200 5-6481101

INLET PRESSURE 4.24000+03 1,04360+04

OUTLET PRESSURE 43 308-03 104354 04

AVERAGE REYNOLDS NUMBER .-8 086000 --

AVERAGE HEAT-TIANSFER COEFFICIENT 9.63747+01 1.95589+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8.42231-01 8.63051-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBiTAIN THE ABOVE RESULTS

EFFECT VEE S - --- 64 9 ,%-0 -

AVERAGE TOTAL CONDUCTANCE (UA) 5.109389 03

......... .... .. _... _. . . . .. . .. . --.-- - - - --- - - - - -



S SIDE R-S I O P

MASS FLOW RATE 2-76OO O63 . 60000 + 0 2

.99700+02 -5.34 7 0 0 + 0 2

INLET TEMPERATURE 516131+02 5.19700+02

OUTLET TEMPERATURE

-- ______1,00000O+00
INLET VAPOR QUALITY 

[° 0 ....120501

OUTLET VAPOR QUALITY

..... -P 6-91828:+ 00 5 69L$78-01....------ ...-PRESSURE DROP(
INLET PRESSURE _2____ _o______4

-
L

'0 O O

. . . AVERAGE REYNOLDS NUMBER C 8F8201-+00- . . .... "

AVERAGE HEAT-TRANSFER COEFFICIENT 9.63976+01 1,98864+02 .

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8*42202-O01 .... .8c62038-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR 
SIDE S WAS

..... .NECESSARY TO OdTAIN THE ABOVE RESULTS

-V. -_T .-_. - --  --UA; --------

------------------- ----------------~---___ -- ----- -- '

-~EFFECTIVENESS ~4i6 ) i
AVERAGE TOTAL CONDUCTANCE (UA) 5.135C, _ _4+03



SOUTPUT AT FOR TIME'THTA 331O2 -----

~~~~-----------' -~------ --------- ----- ------------------------- ------ --------- ------.- --- ---.-------- ~
s SIDE R SIDE ------ .. -- ~ - -- - - -- - -- ~- -- -~-- ~ ~ ~ '--- -~

- ASS FLOW RATE 2 76000f03 6000O02

INLET TEM'PERATURE 9970002 S'3q.70002
OUTLET TEMPERATURE 5e16168+02 5.19700" 02

INLET VAPOR GUALITY -- 1,00000+00
OUTLET VAPOR QUALITY " 1301"1 1

_ -PRRESSURE DROP 6-918282 00 S70O3181-
INLET PRESSURE 4.24000+03 1,0460+04
OUTL.ET PRESSURE'- 42 3 83 .-035 04

AVERAGE REYNOLDS NUMBER .- 8225-00 --
AVERAGE HEAT-TRANSFER COEFFICIENT 9.64135+01 1,99420+02
AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8-c2181- 8,66"0-

____ 7.1- -.-.--~-..--- _~
EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OOTAIN THE ABOVE RESULTS .

----- U~~~~, ~ -,*---,~,-,-,;,;;; ; ---- ------

EFFECTIVENESS 4-O5- .-T
AVERAGE TOTAL CONDUCTANCE (UA) 5.14069+03

. . .. ... . . . . . . . . . .. . . . . . . ... _

-- ~----- -- ~_______________-

1K- --- ---------



..... LET TEMPERATURE •- .- T~---.---.. ---- ---.-.+,

. . . . .V A.. . - -AI-T- .. .. 6 .0

-, ''INLET TE RPEl0TURE . .. 0 07+0 3 5 3 0  0 2

OUTLET TEMPERATURE 5 ,16174+0 2  51705__+ 002

..-VE APR .... U.- - - -* 7- _+--0I. 00000+ 0 _

A-+QLZ.T -VAPOR . ~ II -.LITY 1 01

. .. --..OTLET VAPOR QUALITY 
13 75-0

...... .... 67(Ji- 2{)¥o .. . . . .S-- - - - - --z , + 42".o

PRESSURE DROP 0INLET PRESSURE 4.24000+03 1,04360+04

OUTLET PRESSUR'E ."- -0-

AVERAGE REYNOLDS NUMBER . ,j2.9_--'002AVERAGE HEAT-.TRANSFER COEFFICIENT 1.9. 7 . -,,99474+02

.... ... AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY ... 8.-7 7 =01 61850-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA 
FOR SIDE S WA S

NECESSARY TO O6TAIN THE ABOVE RESULTS

............. " ......... .-- --------------------------------------....-.. g.. ......- --

-- EFFECTIVENESS ~ 70696; 0I

.RANGE TOTAL CONDUCTANCE (UA) 5, 14121+03

...............ERG EA-RASERSRFC EFCENY.8417-h 01000



'i5 Q._. __.. I- -- ---- -- - - -- ---

. _ . - O-TPU. T O .TA FOR Ti-E -THETA 4~ -0 02

S SIDE R SIDE

-- - -MASS FLOli RATE ~276000-03 6--00000+02

' I -INLET TEMPERATURE -. -. ,9700-_02 5. 34700"02

OUTLET TEMPERATURE 5.16175+02 5.19700+02

INLET VAPOR GUALITY -- 1.00000+00

u VA. POR QUALITY 213759 01

-. . PR ' URE DROP 6f1200 570582-0 L
INLET PRESSURE 4.24000+03 1.01360+04

OUTLET" PRESSURE "*Z-O 08+03 "-043 0J6I 54+04

AVERAGE REYNOLDS NUMBER . 62335-+00
AVERAGE HEAT-TRANSFER COEFFICIENT 9.64178+01 1199591+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY .... 8.42176-01 8 .61o15O-

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO ObTAIN THE ABOVE RESULTS

- --- EFFECT I VE5ESS -. 7070 N-0

AVERAGE TOTAL CONDUCTANCE (UA) 5.14212403

--.-- ---. .. ..---.------ -.---. .-- ...-. .-- . ..

. -.. . .. ... . . . . ... . . . . . .. .. . . ...- - - -
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S SIDE R SIDO-

..... . -MASS FLOW RATE - - o(J0-- o & 6o00bo02

:- -- . INLET TEmPERATURE . 4099 0002 5.. 700+02
OUTLET TEMPERATURE "5,161.74+02 5, .9S7O00 004'2

INLET VAPOR OUALITY I- __ 1,00000-O0

;.....OUTLET VAPOR QUALITY P 1292'-01

PRESSURE DROP - " 6791828+0 5,7063

INLET PRESSURE 4.24000+03 1. 0435+05o4
- - OUTLET PRESSURE . . - 338-.43 O - "-5q' 0

AVERAGE REYNOLDS NUMER 8-8233b+00 -

AVERAGE HEAT-TRANSFER COEFFICIENT 9,64180+01 1I9904+02

- AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY ......... 84276-01 86181OO"01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS
NECESSARY TO OBTAIN THE ABOVE RESULTS

------------ -------------------------------

EFFECT IVENESS . 470-. 01

AVERAGE TOTAL CONDUCTANCE (UA) 5. 14222+-0.

. . . ,i . .. . .. . . . . . .. ...... .- .- .- - . . . . .. . . . . . . . . . . . ... ... . . . .. . .
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S.O.U.PU DA. .FR TIME HE 67oW0-O 2 *

S SDE R SIDe

MASS-FLOW RATE 27660~003 6 000+02

INLET TEMPERATURE 4 -9700-702 5.34700+02 --

OUTLET TEMPERATURE 5.16174+02 5.19700+02

INLET VAPOR QUALITY _- 1,00000+00
OUTLET VAPOR QUALITY -- 24 4046"01

-

... .PRESSURE DROP- 69182800 5670680-01

INLET PRESSURE 4.24000+03 1,04360+04
OUTLET PRESSURE . .23308+03 1035470

AVERAGE REYNOLDS NUMBER 8.6233+00 --
AVERAGE HEAT-TRANSFER COEFFICIENT 9.64180+01 1.99659+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 8. 276- 01 8.61794-01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS DATA FOR SIDE S WAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

------------- '-~------------------"

EFFECT rVENESS 4.77C6 7 0-1--

AVERAGE TOTAL CONDUCTANCE (UA) 5.14264+03



. . . - ..... ..... ..... ..... .. "153

..... " *OUOTUTPuT "OTA F-dR- TIME THEfTA ,- 230-i 02 - -

S SIDE _R SOL

S.------.MASS FLOW RATE

-5,'- .9000 5,34700+02
-'INLET TEMPERATURE ..- 0+06 . .. 5-19 7 0 0 02

OUTLET TEMPERATURE 5.16173+O- 5,1970002

• _ I,00000+00
ILIE. VAPOR.. QUALITY - ---- --- 2.14123-01
OUTLET VAPOR QUALITY

PRESSURE DROP 28+00 570710-01
NLET PRESSURE 4.24000+035 ,043 6 0 + 0  ___
INLET PRESSURE -- 4.2350&+03 1.0 4354' 0 4

-OUTLET PRESSURE

- -- AVERAGE REYNOLDS NUMBER . 62322- 0

AVERAGE HEAT-TRANSFER COEFFICIENT 964180+01 19 9 6 76+ 0 2

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY 884217G-01 8.617 9 0 -01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN MODULUS. DATA FORSIDE S WA S

NECESSARY TO OBTAIN THE ABOVE RESULTS

~~~- ------------------ ----- ------- S .. ~~. -- '-V7666

---T-EFFECT IVENESS
AVERAGE TOTAL CONDUCTANCE (UA) 5.31.4277+03

_.__ --



154 --UTPO-- OTA FORTIE-Tf- 
- 1 - 2

S SIDE R SIOD

MASS, FLOW RATE .. 2-76000-03- 6-0000002

INLET TEMPERATURE .. 99700-02 .5
-34 7 0O0 0 .

OUTLET TEMPERATURE 5o16173+02 5.19700+02

INLET VAPOR OUALITY "_ I00O oo00000O

--- ----OUTLET VAPOR QUALITY 2,I192 -0

PRESSURE DROP .. 69128-00 57073801

INLET PRESSURE 4.24000+03 1.04360+04

OUTLET PRESSURE 4---30 G I 04354+04

---- AVERAGE REYNOLDS NUMBER - 882316-00 -

AVERAGE HEAT-TRANSFER COEFFICIENT 9,64180+01 1,99703+02

AVERAGE HEAT-TRANSFER SURFACE EFFICIENCY ...- .8. 2i 76 0 1  8.6i782O01

EXTRAPOLATION OF THE FRICTION FACTOR AND COLBURN_ MODULUS DATA FOR SIDE S IAS

NECESSARY TO OBTAIN THE ABOVE RESULTS

----------- .--- -------------- ----------

S.EFFECTIVE-ES '- 4-/ 70648- -f
AVEnAGE TOTAL CONDUCTANCE (UA) 5.14298+03

. . . .. . . . . . . ... . .. .. . . T- -. . . . .. . . . . . . . . . . .. . .
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

A computer program (Program KRONOS) has been written 
in

the Fortran-V language for use with the Univac 1108 computing system.

This program can be used for the prediction of the transient thermal

performance of compact heat exchangers of the plate-fin 
variety. In

general, the program will compute the variation of outlet conditions 
with

time for each fluid in a given exchanger for prescribed initial tempera-

ture.distributions and time variations in inlet temperature and flow rate.

The program has been developed such that it can be used quite effectively

with a minimum amount of effort and experience. 
The results obtained in

using the program indicate that it is sufficiently general to be applied

to the solution of practical problems involving the prediction of the

transient behavior of compact heat exchangers.

Recommendations

The finite-difference solution procedure incorporated 
into

the program is based on taking incremental steps along the time scale

and in the physical flow plane. As described in Appendix IV of Volume I,

such a procedure can yield inaccurate results for the temperature dis-

tributions at values of time less than the fluid dwell times. For the

applications for which the program is 
intended (that is, for use as an

analytical tool in the investigation of the dynamic behavior of 
systems

containing one or more heat exchangers), the relatively minor inaccuracies

at small values of time will have no significant effect on the results

obtained. However, there may be other applications involving the transi-

ent analysis of compact heat exchangers where the detailed 
temperature

distributions throughout the exchanger are required at all times, for

example, in the analysis of a given configuration to determine whether

the transient thermal stresses are within acceptable limits. If such

applications are of interest, it is recommended that the program be

altered or a new program written using a finite-difference scheme based

on the method of characteristics (Ref 5 of Volume I) to compute and print
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out the detailed temperature distributions at all of the desired values

of time.

In the program as it now stands, the initial conditions which

can be considered are confined to a start-up or a steady-state situation.

In some instances it may be desirable to start the calculations from some

point in time during the transient, for example, to extend the calcula-

tions for a particular case to yield results over a wider time interval.

If such a feature is desirable, it is recommended that the program be

altered to include an option for accepting a set of specified temperature

distributions as the initial conditions. This would involve changing the

output from the program to include a tape on which are written the dis-

tributions calculated at the last value of time considered for each case.

This tape could then be used as input in a subsequent run to extend the

solutions obtained to larger values of time.
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TABLE I

SPECIFIED DATA FOR EXAMPLE 1

r Side s Side

Matrix Number* 2503 3007

Inlet Pressure, lbf per sq ft .778 5040

Initial Steady State

Operatinc Conditions ( = 0 hr):

Flow Rate, Ibm per hr 114 32

Inlet Temperature, deg R 504.7 604.7

Final Steady-State
Operatinq Conditions (0 0.01 hr):

Flow Rate, Ibm per hr 114 32

inlet Temperature, deg R 504.7 559.7

Core Dimensions:

Lx = 0.333 ft
Ly = 0.500 ft

LHF = 0.586 ft

Matrix 2503 is a single-sandwich arrangement of wavy fins; matrix

3007 is a single-sandwich arrangement of triangular fins. The

geometric and performance data for both are given in Reference 3.
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TABLE II

SPECIFIED.DATA FOR EXAMPLE 2

r Side s Side

Matrix Number* 3002 4013

Inlet Pressure, lbf per sq ft 2120 4240

Initial Steady-State
Operating Conditions ( = 0 hr):

Flow Rate, Ibm per hr 1854 5280

Inlet Temperature, deg R 559.7 509.7

Inlet Absolute Humidity 0.03 --

Final Steady-State
Operating Conditions ( L -0 hr):

Flow Rate, Ibm per hr 1908 5280

Inlet Temperature, deg R 574.7 509.7

Inlet Absolute Humidity 0.06 --

Core Dimensions:

Lx = 1.000 ft

Ly = 0.750 ft

LF = 0.896 ft

Matrix 3002 is a single-sandwich arrangement of triangular fins; matrix

4013 is a single-sandwich arrangement of louvered triangular fins. The

geometric and perfornmance data for both are given in Reference 3.
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TABLE III

SPECIFIED DATA FOR EXAMPLE 3

r Side s Side

Matrix Number* 3004 3006

Inlet Pressure, lbf per sq ft 10436 4240

Saturation Temperature, deg R 519.7 --

Initial Steady-State
Operating Conditions ( = 0 hr):

Flow Rate, Ibm per hr 600 2760

Inlet Temperature, deg R 534.7 489.7

Inlet Vapor Quality 1.0

Final Steady-State

Operating Conditions (O10- 3hr):

Flow Rate, Ibm per hr 600 2760

Inlet Temperature, deg R 534.7 499.7

Inlet Vapor Quality 1.0 --

Core Dimensions:

LX = 0.833 ft

Ly = 0.667 ft

LNp= 0.800 ft

Matrices 3004 and 3006 are both single-sandwich arrangements of

triangular fins. The geometric and performance data are given in

Reference 3.
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TABLE IV

NONDIMENSIONAL LOCAL HEAT-TRANSFER COEFFICIENT FOR A

SINGLE-COMPONENT CONDENSING VAPOR

0.50 10 0.50 10

0.094 1,700 0.094 1,600

1.0 0.16 2,100 0.33 2,000

0.28 100,000 0.63 8,000

1.10 100,000

1.06 10 1.06 10

0.17 600 0.17 600

5.0 0.24 700 0.41 800

0.34 100,000 0.63 3,500

1.20 100,000

1.46 10 1.40 10

0.27 300 0.38 190

10.0 0.30 400 0.50 260

0.36 100,000 0.53 400

1.20 100,000

3.50 10 3.40 10

0.41 450 0.81 180

50.0 0.54 550 0.92 300

0.46 100,000 1.00 1,500

1.39 100,000
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NOMENCLATURE

Symbol Description Units

A Heat-transfer area sq ft

AC Minimum free flow area sq ft

Ar/A Ratio of fin to total heat-transfer
area

AH Heat-transfer area per unit.area in

the flow plane for a matrix

ASWIe Heat-transfer area of side wall

parallel to parting plates sq ft

SW t Heat-transfer area of side wall
normal to parting plates sq ft

a Parting-plate thickness ft

sp, Splitter-plate thickness ft

l s Plate thickness of side wall
parallel to parting plates ft

;L w Plate thickness of side wall

normal to parting plates ft

Plate spacing (distance between

adjacent plates) for a matrix ft

CW Total heat capacity of exchanger

core structure Btu per deg R

CSW Heat capacity of side wall in
contact with one fluid Btu per deg R

Cp Specific heat Btu per lbm deg R

- Fanning friction factor - -

G Mass velocity (w/Ac ) Ibm per hr sq ft

2' Acceleration due to gravity ft per hr2

Proportionality constant in
Newton's Law (4.169x10 8 ) ft Ibm per 1bf hr2

Enthalpy per unit mass Btu per Ibm

h Heat-transfer coefficient Btu per hr sq ft
deg R

Latent heat (heat of vaporization) Btu per lbm

j Colburn modulus

k Thermal conductivity Btu per hr ft deg R
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Symbol Description Units

L Flow length or total heat-exchanger

core dimension ft

Effective fin length ft

M Molecular weight Ibm per Ibm-mole

Number of layers or sandwiches

for a matrix

Np Number of passes in a multipass

crossflow exchanger

Rate of condensation from a

wet gas 
Ibm per hr

Fraction of condensation from a

wet gas occurring on separating

walls and attached fins

Nx Total number of length increments into

which the X dimension (Lx ) of an

exchanger is divided

Ny,p Total number of length increments

into which the Y dimension p'er pass

( Ly ) of a crossflow exchanger is

divided

F' Prandtl number (Cpt/k ) --

Pressure lbf per sq ft

K Gas constant ft lbf per lbm deg R

pe Reynolds number (4rh/ ) - -

h  Hydraulic radius (EAcL/A ) ft

SFin spacing ft

T Temperature deg R

UT  Heat-transfer conductance on

one side Btu per hr deg R

V Volume cu ft

( iv)4 t  Ratio of metal volume to total

volume between plates for a matrix - -

VVo3 Void volume on one side cu ft

V/ Fluid inventory on one side Ibm

W Mass flow rate Ibm per hr

X Coordinate axis of exchanger ft



171

Symbol Description Units

XV  Vapor quality (mass-fraction vapor) of

a single-component condensing fluid - -

Y Coordinate axis of exchanger ft

Pressure drop Ibf per sq ft

Length increment in x direction ft

Length increment in y direction ft

Time increment hr

SEffective fin thickness ft

Fin efficiency

Heat-transfer surface efficieny - -

Time hr

Gt Time at beginning of time step hr

Dwell time of one fluid in heat
exchanger (=W/w ) hr

At Dynamic viscosity .Ibm per hr ft

Distance along flow direction
of s fluid ft

Density Ibm per cu ft

a" Ratio of minimum free-flow area

to total face area for one side - -

h Ratio of minimum free-flow area to
face area between adjacent plates - -

'V Vapor shear stress lbf per sq ft

SAbsolute humidity of a wet gas

(ibm moisture/Ibm dry gas)

SubscriDt Description

CV C Average quantity

1P Value at devw point of wet gas

Gas component of wet gas

4 Station or section in the X direction

irn Inlet

SStation or section in the y direction
for a crossflow configuration

Liquid
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Subscript Description

Y* Mean

wMe.. Maximum

Mat8 Metal

miih Minimum

K1 F Nonf low dimension

Lut Outlet

r One side or fluid of heat exchanger

S Other side or fluid of heat exchanger

soCt Value at saturated conditions

evI Side wall

.V Vapor

W Separating wall

SCoordinate axis of exchanger

y Coordinate axis of exchanger

Superscript Description

O Quantity nondimensionalized by hydraulic

radius

Value at beginning of time

step (0/ - aL )

A Table of values
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dsw,L x,"

LLy

Parallel Flow a Counterflow

Parallel Flow an*d Counterf w
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s w

Side Walls W

-_ . . .. " Parting Plates

IT
a Crw,

Multipass Crossi low


